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1.0 INTRODUCTION
Since their formation some ten thousand years ago the Great Lakes, as they are known today,
their connecting channels and drainage basins have continued to function as a natural dynamic
system; reacting to changes in weather, climate, shoreline configuration and tectonic crustal
movement. These geologic processes will continue.
Throughout the period of the lakes’ development, wind, waves and fluctuating water levels
have joined to erode the shorelines and nearshore areas, building up sandspits and offshore bars,
and transporting very fine sediments even to the central deeps of the lakes. Surface and
subsurface drainage bring to the lakes quantities of soil, decaying vegetation, dissolved minerals
and other natural wastes. Natural climatic variations have resulted in changing of mass water
temperatures over prolonged periods and consequently influenced all forms of aquatic life.
Prior to European settlement of the Great Lakes basin, man’s influence on the lakes was
inconsequential. The aboriginal population was relatively sparse and their lifestyle was one of
adapting to the environment rather than seeking to change it. Significant man-made changes
bega
n wi
th th
e fir
st la
rge i
nflux
of pi
oneer
s so
me 1
70 ye
ars a
go. F
orest
lands
were
clear
ed fo
r
farming, significantly altering their runoff characteristics. The increased intensity of flooding
along streams and rivers resulted in movement of greater quantities of sediment into the lakes,
while farm wastes contributed new ingredients to the discharges. As farming established itself
around the Lower Lakes, it was accompanied by the growth of towns and industries which tended
to situate along the lakeshores and tributary streams. These, in turn, added their wastes to the
growing efflux entering the lakes. During the 19th century industrial development spread to all
parts of the Basin, attracted by the increasing population and the availability of natural
resources.
At the same time as the land areas were being developed, the use of the lakes and their
conn
ecti
ng wa
terw
ays
was
inten
sifyi
ng. T
he de
velo
pmen
t and
growt
h of
harb
ours
and
navig
able
chan
nels
were
close
ly li
nked,
in a
socio
-econ
omic
sense
, to
the d
evel
opme
nt of
the l
and a
reas.
The
Great
Lake
s pro
vided
an i
nland
trans
porta
tion
syst
em l
ong b
efore
the e
arlie
st da
ys of
the f
ur tr
ader’
s can
oe or
the s
ettler
’s ba
teau.
For t
he In
dians
, the
wate
rway
s ser
ved a
s rou
tes f
or
the t
ransp
ort o
f bot
h tra
de go
ods a
nd wa
r par
ties.
The
early
tradi
ng ro
utes
on th
e lak
es ma
de u
se
of th
e wat
erwa
y in
its na
tural
state
, an
d car
goes
were
porta
ged
arou
nd u
nnavi
gable
reach
es.
While
vesse
ls we
re sm
all a
nd t
he ca
rgo e
xpens
ive,
porta
ging
was
a fea
sible
propo
sitio
n. Ho
wever
,
as s
upply
and
dema
nd f
or th
e lo
w-val
ue b
ulk
comm
odit
ies
of th
e Gr
eat
Lake
s re
gion
and
hinte
rland
areas
to th
e wes
t inc
rease
d, po
rtagi
ng or
tran
sshi
pmen
t bec
ame
no lo
nger
econo
mical
  
 
  
and the construction of canals and locks was begun. Completion of the Erie Canal in 1825
heralded a period of rapid construction which was to see a canal and locks bypassing Niagara
Falls by 1829, a series of works connecting Lake Ontario to Montreal by 1848, and a canal and
locks at Sault Ste. Marie by 1855. By 1861, forty ships a year were sailing into Lake Superior from
Europe.
The continuing high demand for cheap waterborne transportation of bqu commodities such
as wheat, iron ore, coal and forest products and the advances in shipbuilding technology led to
the enlargement and upgrading of these navigation facilities as well as modifications of natural
channels in the connecting waterways to allow more rapid and safe passage of larger vessels. The
concentration of much of the US. and Canadian steel industry in the Great Lakes basin provided
an additional impetus to the upgrading of channel facilities. Following development of the iron ore
potential of Eastern Quebec and Labrador the necessity for an economic transportation route to
the steel mills was a significant motivating factor in the decision to construct the St. Lawrence
Seaway which was completed in 1958.
As navigation channels in the connecting rivers were dredged deeper and wider, flow
velocities were reduced encouraging deposition of sediments. During the past 70 years the levels
of Lake Michigan and Huron have beenlowered as a result of dredging both for materials recovery
and for navigational improvement. lt was reported by the Joint Board of Engineers in 1926 that
a lowering of about 9 cm had resulted from commercial dredging of gravels from the St. Clair River
in the vicinity of Point Edwards, Ontario between 1908 and 1925. The materials dredged in
deepening the channel for navigation purposes were, in large part, deposited within the river at
locations where they would not impede navigation but would offset in some degree the effects of
channel enlargements. The uncompensated lowering of Lake Michigan, through dredging for a
25-foot (7.6 m) channel prior to 1933 and for the 27-foot (8.2 m) channel project completed in
1962, is estimated to be about 15 cm. Similarly, the effect on Lake St. Clair was somewhat more
than 2.5 cm.T
Ports were developed either as transshipment points for bulk cargoes originating in or
destined for hinterland areas, or to serve particular industries such as fishing, shipbuilding,
mining, as well as facilities such as saw mills, steel mills and pulp and paper plants. The natural
harbours in bays and at river mouths were improved by the construction of wharves and
breakwaters and enlarged by the dredging of basins and approach channels. The configurations
evolved at many harbours created settling basins which trap the ever-increasing solids load being
carried to them by the influent rivers. The approach channels dredged to harbours also entrap
sediments transported by littoral drift as do the jetties and breakwaters which interrupt these
alongshore currents resulting in accretion on their updrift sides whilst increasing erosion in the
lees. The deposition of sediments and other deleterious matter in harbours and approach
channels has necessitated a regular dredging program to maintain navigable depths for today’s
marine fleet.
1t
Regulations of the Great Lakes Water Levels, Report to the |.J.C. by the International Great Lakes Levels Board,
December, 1973.
 Until recently, very little consideration was given to the quality of the material being dredged
and no special efforts were made to control the dispersal of such material either during the
dredging or disposal operations. However, mounting concern has developed over the increasing
pollution of the Great Lakes from all sources and of the possibility of irreversible harm being done.
The role of dredging activities in creating or aggravating environmental problems must be better
understood in order to determine what improvements can and should be made to minimize
harmful effects. It is these problems that are primarily addressed in this report.
1.1 AUTHORITY AND SCOPE
On April 15, 1972, the President of the United States and the Prime Minister of Canada
signed the, “Agreement between Canada and the United States of America on Great Lakes Water
Quality.” On November 15, 1972, on the advice of the IJC, the International Working Group on
the Abatement and Control of Pollution from Dredging Activities was established in compliance
with Article V, Section (f) of the Agreementi
The Working Group was charged with undertaking a review of existing dredging practices,
programs, laws and regulations with the objective of developing compatible criteria for the
characterization of polluted dredged material and recommendations for compatible programs
governing the disposal of dredged material in open water.
1.2 ORGANIZATION OF THE WORKING GROUP
On November 15, 1972, the International Joint Commission established
the Working Group.
The Group held its first meeting on December 13, 1972. Subsequent meetings were
held, as often as necessary, alternating between locations in the
United States and Canada.
The members, representing navigational, environmental,
and fish and wildlife interests, as of March 31, 1975, were:
Appendix A contains pertinent excerpts from the Agreement.
 UNITED STATES
Albert C. Printz, Jr.
Chairman, US. Section
Director, Office of Technical Analysis
U.S. Environmental Protection Agency
Harry C. Anderson,
Chief, Permits and Special Studies
Branch
Division of Ecological Services
Bureau of Sport Fisheries
and Wildlife
US. Department of the Interior
Gerald P. Brezner,
Chief, Water Quality Standards Section
Department of Environmental
Conservation
State of New York
Carl C. Cable
Chief, Construction—Operations
Division
North Central Division
U.S. Army Corps of Engineers
Dale W. Granger,
Chief, Hydrological Survey
Division
Bureau of Water Management
Michigan Department of Natural
Resources
Russell D. Hart
Engineer, Industrial Waste
Section
Division of Engineering
Ohio Department of Environmental
Protection
CANADA
C.K. Hurst
Chairman, Canadian Section
Chief Engineer,
Department of Public Works
G.C. Armstrong
Supervisor, Fish Culture Section
Sport Fisheries Branch
Ontario Ministry of Natural
Resources
S.E. Salbach,
Supervisor, Planning &
Co-ordination Section
Water Resources Branch
Ontario Ministry of the
Environment
R.W. Slater,
Director, Ontario Region
Environmental Protection
Service
Environment Canada
P.G. Sly,
Chief, Lakes Research Division
Canada Centre for inland
Waters
R.H. Smith,
Chief, Waterways Development
Ministry of Transport
During the course of the Working Group’s study, Mr. Brezner replaced Mr. Edwin L. Vopelak,
also of the New York State Department of Environmental Conservation, and Mr. S.E. Salbach
replaced Mr. W.E. Erlebach of the Ontario Ministry of the Environment.
In addition,
UNITED STATES
Pamela Duncan,
Secretary, American Section
Program Analyst
U.S. Environmental
Protection Agency
the following appointments were made by the Chairmen:
CANADA
C.G. Benckhuysen,
Secretary, Canadian Section
Head, Marine Equipment and
Environmental Protection Section
Department of Public Works
1.3 AREAS OF INTEREST
The Working Group has been concerned primarily with developing findings, conclusions, and
recommendations on the following subjects:
i)
ii)
iii)
iv)
V)
vi)
vii)
viii)
ix)
X)
The beneficial and deleterious effects of dredging activities on
the environment;
Current and past dredging practices;
Agencies and their responsibilities;
Methods of dredging and related activities;
Socio—economic considerations of dredging;
Existing legislation and regulations concerning
dredging activities;
Research and exploratory studies being conducted in
both countries;
Short— and long—term environmental objectives and their
economic impact;
Areas of possible improvement in dredging technology and
practices; and
The development of improved guidelines, legislation, regulations
and administrative procedures for dredging activities.
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1.4 SUMMARY
By i
ts te
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fere
nce
the
Work
ing
Grou
p ha
s be
en d
irec
ted
to r
evie
w dr
edgi
ng p
ract
ices
and
prog
rams
in th
e Gre
at La
kes a
s wel
l as
the r
eleva
nt la
ws an
d reg
ulati
ons g
overn
ing d
redgi
ng
for t
he pu
rpos
es of
devel
oping
compa
tible
criter
ia fo
r the
chara
cteri
zatio
n of
dred
ged
mater
ial
and
maki
ng
reco
mmen
dati
ons
for
comp
atib
le p
rogr
ams
gove
rnin
g di
spos
al o
f po
llut
ed s
poil
in
open water.
Prio
r to
the
197
05 n
o sp
ecia
l co
ncer
n re
gard
ing
the
envi
ronm
enta
l as
pect
s of
dred
ging
had
been
ident
ified
and,
as a
cons
eque
nce,
very
little
infor
matio
n can
be gl
eaned
from
the e
xperi
ence
recor
d whi
ch wo
uld
indic
ate t
he ef
fects
which
may
have
been
impos
ed.
Indee
d, ev
en to
day,
after
sever
al ye
ars o
f int
ensiv
e stu
dy in
to la
ke pr
ocess
es, i
t is d
ifficu
lt to
separ
ate t
he ch
emica
l an
d
biolo
gic i
mpac
ts of
a dre
dging
or op
en-wa
ter d
ispos
al op
erati
on fr
om si
milar
influ
ences
occur
ring
as a consequence of introductions of pollutants from other sources.
Insights derived from recent research into the chemistry of the Lake waters indicate
consi
derab
le va
riabi
lity i
n the
geoc
hemi
cal a
nd bi
ochem
ical
proce
sses
whic
h is n
ot pr
edict
able
on
the b
asis
of ro
utine
analy
ses.
Never
thele
ss, t
here
is amp
le ev
idenc
e to s
how t
hat w
ater
quali
ty ha
s
been
influ
enced
by m
an’s
activi
ties
withi
n the
basin
of th
e Gre
at La
kes s
ince
settl
ement
bega
n
abou
t the
begin
ning
of th
e 19
th ce
ntury
. Th
e dec
line
and
virtu
al ex
tinct
ion o
f the
indig
enous
oligotrophic fish species, which were once widely distributed throughout the Lakes, as well as
succession changes in the planktonic and benthic populations evidence the impact of cultural
pollution upon the aquatic environment and its ecosystems. Recent sedimentologic studies have
demo
nstr
ated
the w
ides
prea
d dis
tribu
tion
in th
e bot
tom
sedi
ment
s of
the L
akes
and
conne
cting
chan
nels
of he
avy m
etal
s and
of un
natur
al pr
oduct
s of
techn
ologi
c soc
iety,
as we
ll as
indic
ating
incre
ases
in th
e rat
es of
accum
ulati
on o
f sed
imen
ts a
nd l
eache
d che
mica
ls a
bove
those
levels
which prevailed prior to settlement.
There is evidence from laboratory studies that the levels of toxicants and oxygen demands,
which occur in the sediments that accumulate in harbours and channels, can impose lethal
stres
ses
on o
rgan
isms
of th
e ec
osyst
em,
while
high
conce
ntrat
ions
of nu
trien
ts c
an t
rigge
r
instability in the biomass. The occurrences of blue-green algal blooms in Lake Erie, as well as parts
of Lakes Ontario and Michigan, have been related to high levels of nutrient supply, particularly
phosphates, being added to the waters. Fish and wildlife studies have demonstrated their capacity
for biochemical uptake and concentration of heavy metals and pesticides. Even after point-source
contr
ol of
such
cont
amin
ants
has b
een a
chiev
ed it
is ap
pare
nt fr
om st
udies
of di
ffuse
sourc
es of
See Appendix A
 pollutants that contamination of sediment accumulations at the mouths of rivers and
drainageways is likely to continue, despite efforts being made to reduce such sources through
improved management practices.
The criteria currently being applied by the U.S. Environmental Protection Agency and the
Ontario Ministry of Environment for the categorization of pollutants in dredged materials provide
somewhat limited indications of potential hazards. The selected parameter values, as determined
by traditional laboratory processes, provide only information on the total concentration of various
substances. No satisfactory correlations have been established between such total concentration
values and the levels of their availability under natural environmental processes. Geochemical and
biochemical reactions differ under oxic and anoxic conditions; many reactions are
interdependent, some synergistic. There is, moreover, a wide range in the natural background
levels of various chemical constituents from one location to another within lakes and between
lakes, which, particularly in the littoral zone, exhibit seasonal variations.
It is the conclusion of the Working Group that there are no single parameter values which
could be adopted as universal criteria applicable throughout the Great Lakes. Thus, it is
recommended that environmental protection will be more meaningfully achieved through a
sitespecific assessment of the hazards and potential benefits of each project within its particular
environment. The basic criteria for all dredging activities should be the preservation of designated
water uses, including viable aquatic and terrestrial ecosystems, and the optimization of net
socio-economic benefits to society. ln project evaluation, a selection of indicator parameters
should be made from baseline information of water and sediment quality and known sources of
potential contaminants. in the evaluation of hazards, bioassays and other tests which more
closely relate to the availability of contaminants to the ecosystem should be adopted. Attention
must also be given to the design of sampling programs, and test procedures to ensure that they
adequately assess the actual conditions.
Many of the potentially adverse impacts from disposal operations could be avoided through
enlarging the scope of dredging projects to encompass activities for the beneficial use of dredged
materials. Much of the material dredged from the Great Lakes and connecting channels is not so
heavily contaminated as to require deposition in special containment sites. Indeed, the high cost
of confined disposal provides an incentive for finding alternative uses for the dredged material.
Multipurpose design of dredging projects can take advantage of opportunities to create facilities
and amenities which will avoid the more‘serious environmental impacts likely to arise from
open-water disposal and at the same time provide supplemental benefits which will offset the
added costs of dredging under environmental constraint.
The existing legislation and regulations concerning dredging activities as well as the agency
responsibilities and administrative procedures with respect to the assessment and design of
dredging projects have been reviewed in some detail. It is concluded that there are adequate laws
to ensure that dredging activities are carried out in compliance with requirements for
environmental protection. The Working Group considers that the introduction of the
recommended guidelines should be accomplished by administrative action to allow some
flexibility to meet changing responsibilities of different agencies and jurisdictions. Moreover, it is
 
 re
co
mm
en
de
d t
hat
adm
ini
str
ati
ve
pro
ced
ure
s b
e a
dap
ted
to
pro
vid
e a
lon
ger
lea
d t
ime
bet
wee
n
ide
nti
fic
ati
on
of
pro
jec
ts
and
pro
gra
ms
and
the
ir
exe
cut
ion
to
fac
ili
tat
e t
he
pro
per
inv
est
iga
tio
n
and
ass
ess
men
t o
f a
lte
rna
tiv
es.
Alt
hou
gh
sub
seq
uen
tly
so
me
leg
isl
ati
ve
mod
ifi
cat
ion
s m
ay
be
app
rop
ria
te,
it a
ppe
ars
pre
mat
ure
at
thi
s t
ime
to
sug
ges
t s
pec
ifi
c c
han
ges
.
The
majo
rity
of d
red
gin
g i
s u
nde
rta
ken
dire
ctly
by
gov
ern
men
t a
gen
cie
s i
n s
upp
ort
of
nav
iga
tio
n
int
ere
sts
and
for
the
imp
rov
eme
nt
of
mar
ina
s
and
har
bou
rs
for
fis
her
ies
an
d
rec
rea
tio
nal
acti
viti
es.
Dre
dge
min
ing
of s
and
s a
nd
gra
vel
s fo
r m
ate
ria
ls
rec
ove
ry
and
cre
ati
on
of
land
fill
s i
s o
fte
n u
nde
rta
ken
by
pri
vat
e e
nte
rpr
ise
. S
uch
acti
viti
es
are
, h
owe
ver
, s
ubj
ect
to
lic
ens
ing
by
pro
vin
cia
l o
r s
tat
e j
uris
dict
ion.
The
ref
ore
, a
lth
oug
h a
sit
uat
ion
cou
ld
ari
se
whi
ch
wou
ld
not
be
cov
ere
d b
y e
xist
ing
regu
lati
ons
requ
irin
g p
rior
ass
ess
men
t o
f e
nvi
ron
men
tal
con
cer
ns,
in s
uch
even
t,
the
proj
ect
pro
pon
ent
wou
ld
be
adv
ise
d t
o c
omp
ly
with
acc
ept
abl
e
env
iro
nme
nta
l p
ract
ices
, u
nde
r n
otic
e o
f p
ossi
ble
pros
ecut
ion
und
er
a va
riet
y o
f a
cts
whi
ch
proh
ibit
any
acti
ons
whi
ch
cau
se
a de
teri
orat
ion
of w
ate
r qu
alit
y. E
ven
tho
ugh
suc
h a
nap
pro
ach
is p
unit
ive
rath
er t
han
prev
enta
tive
, it
see
ms
unli
kely
that
any
priv
ate
dre
dgi
ng
wou
ld
pro
cee
d
wit
hou
t r
egar
d t
o t
he
con
cer
ns
iden
tifi
ed
by
the
regu
lato
ry
age
nci
es
for
env
iro
nme
nta
l
protection.
The
atte
ntio
n fo
cus
sed
upo
n th
e en
vir
onm
ent
al
asp
ect
s of
dre
dgi
ng d
uri
ng r
ecen
t ye
ars
has
led
to i
nten
sive
pro
gra
ms
of r
esea
rch
and
inve
stig
atio
ns.
At t
his
tim
e th
e s
tate
of k
now
led
ge
of
man
y a
spe
cts
of t
he
Lak
e en
vir
onm
ent
s, e
colo
gy a
nd
com
ple
x wa
ter
che
mis
try
pro
ces
ses
is b
ein
g
rapi
dly
ext
end
ed.
Mos
t of
the
spec
ific
rese
arch
nee
ds
hav
e b
een
iden
tifi
ed a
nd
proj
ects
init
iate
d
to investigate a broad spectrum of interrelated aspects.
In
para
llel
with
the
spec
ific
rese
arch
into
vari
ous
asp
ect
s o
f dr
edg
ing
acti
viti
es t
here
is a
con
tin
uin
g p
rog
ram
of i
nves
tiga
tion
s in
to t
he m
orp
hol
ogy
and
mor
pho
met
ry
of L
ake
sed
ime
nts
and
of t
he s
pati
al a
nd
tim
e va
riat
ions
in w
ate
r qu
alit
y a
nd
aqua
tic
eco
sys
tem
s.
Dur
ing
the
past
five
year
s a
grea
t de
al o
f da
ta h
as b
een
coll
ecte
d, m
uch
of w
hic
h re
mai
ns t
o be
full
y an
aly
zed
and
inte
rpre
ted.
Thu
s t
his
repo
rt
is
writ
ten
at
a t
ime
whe
n
the
gene
ral
conc
lusi
ons
and
rec
omm
end
ati
ons
pre
sen
ted
here
in a
re s
upp
ort
ed
by t
he p
reli
mina
ry f
indi
ngs
and
inte
rpre
tati
ons
of t
he r
ese
arc
h an
d i
nves
tiga
tion
pro
gra
ms.
How
eve
r,
man
y sp
ecif
ic a
spe
cts
will
be d
eve
lop
ed a
nd
con
fir
med
only
dur
ing
the
next
few
year
s. T
he
Wor
kin
g G
rou
p r
eco
mme
nds
that
the
rese
arch
pro
gra
ms
be
enc
our
age
d t
o d
efi
ne
mor
e r
igo
rou
sly
the
spec
ific
nat
ure
of
imp
act
s r
ela
tin
g t
o
nut
rie
nts
and
pot
ent
ial
ly
toxi
c s
ubs
tan
ces
as
well
as
to
sup
por
t f
urt
her
adv
anc
es
in
dre
dgi
ng
technology.
The
effe
cts
of i
ndiv
idua
l dr
edg
ing
proj
ects
are
see
n pr
imar
ily
as s
hort
-ter
m im
pact
s, a
lth
oug
h
it is
rec
ogn
ize
d t
hat
the
redi
stri
buti
on o
f po
llut
ed
mate
rial
s in
thin
laye
rs o
n t
he b
ott
om
of t
he
lake
s m
ay
mak
e a
ddit
iona
l c
ont
ami
nan
ts
avai
labl
e f
or u
pta
ke
thr
oug
h t
he
eco
sys
tem
. E
ven
tho
ugh
the
spe
cif
ic l
ong
-te
rm
con
tri
but
ion
s to
deg
rad
ati
on
of w
ate
r q
ual
ity
by
ind
ivi
dua
l d
red
gin
g
pro
jec
ts
may
be
imp
oss
ibl
e t
o e
sta
bli
sh,
it i
s i
mpo
rta
nt
to
rec
ogn
ize
the
agg
reg
ate
effo
rt
of
dre
dgi
ng
pro
gra
ms,
by
lake
, wh
ich
will
con
tin
ue
into
the
fore
seea
ble
futu
re.
Thu
s t
he W
ork
ing
Gro
up
find
s it
app
rop
ria
te
to r
eco
mme
nd
the
app
oin
tme
nt
of a
Sta
ndi
ng
Com
mit
tee
to a
udit
dre
dgi
ng a
ctiv
itie
s in
the
Gre
at L
ake
s a
nd
to r
evie
w a
sse
ssm
ent
s of
indi
vidu
al
proj
ects
to e
nsu
re
com
pli
anc
e wi
th
rec
omm
end
ed
guid
elin
es.
More
over
, s
uch
a c
omm
itt
ee
wou
ld
prov
ide
a lo
gica
l
 focus for encouraging the exchange of information from continuing research activities and
accumulated experience and to recommend changes in criteria and guidelines as may be
appropriate in the light of advances in the technology relating to dredging and environmental
problems.
  
2.
0
AG
EN
CI
ES
A
N
D
RE
SP
ON
SI
BI
LI
TI
ES
Res
pon
sib
ili
ty
for
mos
t d
red
gin
g a
cti
vit
ies
, i
n b
oth
the
Uni
ted
Sta
tes
and
Can
ada
,
der
ive
s
fro
m
fed
era
l
aut
hor
ity
ove
r
nav
iga
ble
wat
ers
and
for
the
pro
tec
tio
n
of
the
nat
ura
l
env
iro
nme
nt.
In
the
Uni
ted
Sta
tes
the
se
pow
ers
dev
olv
e r
esp
ons
ibi
lit
ies
for
the
mai
nte
nan
ce
and
imp
rov
eme
nt
of
nav
iga
tio
n t
o t
he
Cor
ps
of
Eng
ine
ers
and
for
coo
rdi
nat
ion
of
fed
era
l p
oll
uti
on
ab
at
em
en
t
act
ivi
tie
s u
pon
the
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
;
whi
lst
in
Ca
na
da
the
se
res
pon
sib
ili
tie
s a
re
sha
red
amo
ng
the
Dep
art
men
t o
f E
nvi
ron
men
t,
the
Min
ist
ry o
f T
ran
spo
rt
and
the
Dep
art
men
t o
f P
ubl
ic
Wor
ks.
Alt
hou
gh
fed
era
l l
egi
sla
tio
n a
nd
aut
hor
ity
are
par
amo
unt
wit
h
res
pec
t t
o n
avi
gab
le
wat
ers
, s
tat
e a
nd
pro
vin
cia
l l
egi
sla
tio
n g
ove
rni
ng
pro
pri
eta
ry
and
pub
lic
tru
st
rig
hts
ove
r
sub
me
rg
ed
and
sub
mer
sib
le
lan
ds,
lan
d
use
,
res
our
ces
con
ser
vat
ion
as
wel
l a
s
environmental quality are effective.
The
Wor
kin
g G
rou
p h
as
bee
n c
har
ged
wit
h t
he
dev
elo
pme
nt
of c
omp
ati
ble
gui
del
ine
s
for
the
con
tro
l o
f d
red
gin
g ac
tivi
ties
in t
he
Gre
at
Lak
es
bas
in.
Thu
s a
n u
nde
rst
and
ing
of c
urr
ent
adm
ini
str
ati
ve
pro
ced
ure
s,
reg
ula
tio
ns a
nd
ena
bli
ng
legi
slat
ion
for
ms
an
ess
ent
ial
bac
kgr
oun
d t
o
the
dis
cus
sio
n o
f e
nvi
ron
men
tal
con
sid
era
tio
ns,
dre
dgi
ng
pra
cti
ces
and
rec
omm
end
ati
ons
for
the
com
pat
ibl
e c
ont
rol
of
dre
dgi
ng
acti
viti
es
to
min
imi
ze
del
ete
rio
us
eff
ect
s u
pon
the
env
iro
nme
nt
tha
t a
re
pre
sen
ted
in s
ucc
eed
ing
cha
pte
rs
of t
his
repo
rt.
Her
ein
aft
er,
the
res
pon
sib
ili
tie
s o
f t
he
pri
nci
pal
age
nci
es
con
cer
ned
as
well
as
the
per
tin
ent
legi
slat
ion
and
cur
ren
t a
dmi
nis
tra
tiv
e
pro
ced
ure
s
are
rev
iew
ed.
Jur
isd
ict
ion
al
and
adm
ini
str
ati
ve
dif
fer
enc
es
dic
tat
e
sep
ara
te
discussion of these aspects for each country.
Bef
ore
pre
sen
tin
g d
eta
ils
of
age
ncy
res
pon
sib
ili
tie
s a
nd
legi
slat
ion,
it is
opp
ort
une
to
rec
ord
the
gen
era
l c
onc
lus
ion
of t
he
Wor
kin
g G
rou
p t
hat
the
re a
ppe
ars
to b
e n
o l
ack
of l
egis
lati
on
in
eit
her
the
Uni
ted
Sta
tes
or
Can
ada
as
may
be
req
uir
ed
to
imp
lem
ent
the
pro
ced
ure
s
rec
omm
end
ed
her
ein
for
pro
gra
mmi
ng,
ass
ess
men
t a
nd
con
tro
l o
f d
red
gin
g a
ctiv
itie
s.
Nor
are
the
re
any
pro
hib
iti
ons
app
are
nt
whi
ch
wou
ld
hin
der
thei
r a
dop
tio
n.
Alt
hou
gh
the
pro
lif
era
tio
n of
law
s w
hic
h m
ay
be
effe
ctiv
e m
igh
t i
ndi
cat
e a
desi
rabi
lity
for
som
e f
utu
re
con
sol
ida
tio
n,
it i
s
sug
ges
ted
tha
t ad
opt
ion
of t
he
rec
omm
end
ati
ons
of t
his
rep
ort
be
acc
omp
lis
hed
by
adm
ini
str
ati
ve
act
ion
and
tha
t t
he
pro
pos
ed
gui
del
ine
s b
e e
val
uat
ed
in p
rac
tic
e b
efo
re
any
sub
sta
nti
al
rev
isi
on
in legislation is contemplated.
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2.1 U.S. AGENCIES
In addition to the Corps of Engineers and the Environmental Protection Agency, the
Fish and Wildlife Service of the Department of the Interior and the National Marine Fishery Service
and National Oceanic Survey of the U.S. Department of Commerce co-operate at the Federal level
in investigatory and surveillance activities relating to the protection of aquatic ecosystems. Each
state exercises proprietary and public trust rights over submersible and submerged lands. in
addition the several states bordering upon the Great Lakes exercise certain rights over water
quality, fish and wildlife and other conservation aspects bearing upon dredging and disposal
activities. The county and municipal agencies involved are too numerous to record. it will suffice
to note that the principal Federal Agencies, the COE and EPA, are charged with responsibility for
ensuring that all state and local authorities are advised and consulted with respect to dredging
projects that fall within their jurisdictions. In Section 2.2.2 examples of applicable state legislation
are reviewed.
2.1.1 U.S. Army Corps of Engineers (COE)
The Corps of Engineers administers the Rivers and Harbors Act of 1899 and
subsequent amendments thereto, and is charged therein with direct responsibility for the
maintenance and improvement of navigable waters throughout the United States. Within the
Great Lakes, in addition to dredging of U.S. ports and harbours and other navigable channels, the
Corps undertakes the maintenance of all boundary water channels with the exception of the
South-East Bend Cut-Off Channel of the St. Clair River and the approaches to the Welland Canal.
In addition, the Corps is responsible for review of all proposed dredging works and the issuance
of permits for all private projects as well as those Federal projects that are not carried out by or
on behalf of the Corps. In such reviews the Corps is charged with responsibility for ensuring that
proposals comply with other Federal acts relating to protection of the environment and for
ensuring coordination with State authorities and compliance with other regulations.
Recent amendments to the Rivers and Harbors Act impose upon the Corps a
responsibility for constructing and maintaining disposal sites for the containment of polluted
materials from dredging operations in the Great Lakes and connecting channels. Section 123 of
PL 91-611 states:
(a)
The
Secre
tary
of th
e Ar
my,
actin
g th
rough
the C
hief
of En
ginee
rs, i
s aut
horiz
ed to
const
ruct,
opera
te,
and
maint
ain,
subje
ct to
the p
rovis
ions
of su
bsect
ion
(c),
conta
ined
spoil
dispo
sal
facili
ties
of su
ffici
ent c
apaci
ty fo
r a
perio
d no
t to
exce
ed t
en ye
ars,
to me
et t
he
requ
irem
ents
of thi
s Sec
tion.
Befor
e est
ablis
hing
each
such
facilit
y, th
e Sec
retar
y of t
he Ar
my sh
all
obta
in t
he c
oncu
rren
ce o
f ap
prop
riat
e lo
cal
gove
rnme
nts
and
shal
l co
nsid
er t
he v
iews
and
reco
mmen
dati
ons
of th
e Ad
mini
stra
tor
of th
e En
viro
nmen
tal
Prot
ecti
on A
genc
y an
d sh
all c
ompl
y
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wit
h
re
qu
ir
em
en
ts
of
Se
ct
io
n
21
of
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
uti
on
Co
nt
ro
l
Act
,
an
d
of
th
e
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Po
li
cy
Ac
t
of
19
69
.
Se
ct
io
n 9
of
th
e R
iv
er
an
d
Ha
rb
or
Ac
t o
f
18
99
sha
ll
no
t a
pp
ly
to
an
y
fa
ci
li
ty
au
th
or
iz
ed
by
th
is
Se
ct
io
n.
(b)
Th
e
Se
cr
et
ar
y
of
th
e
Ar
my
,
ac
ti
ng
th
ro
ug
h
th
e
Ch
ie
f
of
En
gi
ne
er
s,
sha
ll
es
ta
bl
is
h
th
e
co
nt
ai
ne
d s
poi
l d
is
po
sa
l f
aci
lit
ies
au
th
or
iz
ed
in
su
bs
ec
ti
on
(a)
at
th
e e
arl
ies
t p
ra
ct
ic
ab
le
dat
e,
ta
ki
ng
int
o
co
ns
id
er
at
io
n
th
e
vi
ew
s
an
d
re
co
mm
en
da
ti
on
s
of
th
e
Ad
mi
ni
st
ra
to
r
of
th
e
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
as
to
th
os
e
ar
ea
s
wh
ic
h,
in
th
e A
dm
in
is
tr
at
or
’s
ju
dg
me
nt
,
ar
e
mo
st
ur
ge
nt
ly
in
ne
ed
of
su
ch
fac
ili
tie
s
an
d
pu
rs
ua
nt
to
th
e
re
qu
ir
em
en
ts
of
th
e
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Pol
icy
Ac
t
of
19
69
an
d
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
uti
on
Co
nt
ro
l A
ct.
(c)
Pri
or
to
con
str
uct
ion
of
an
y
su
ch
fac
ili
ty,
the
ap
pr
op
ri
at
e
Sta
te
or
Sta
tes
,
int
ers
tat
e
ag
en
cy
,
mun
ici
pal
ity
, o
r o
th
er
ap
pr
op
ri
at
e p
oli
tic
al
sub
div
isi
on
of
the
St
at
e s
hal
l a
gr
ee
in
wri
tin
g t
o
(1)
fur
nis
h a
ll
lan
ds,
ea
se
me
nt
s,
an
d
rig
hts
-of
-wa
y n
ec
es
sa
ry
for
the
con
str
uct
ion
,
ope
rat
ion
, a
nd
ma
in
te
na
nc
e
of
the
fac
ili
ty;
(2)
con
tri
but
e t
o t
he
Un
it
ed
Sta
tes
25
pe
r
ce
nt
um
of
the
con
str
uct
ion
cos
ts,
su
ch
am
ou
nt
to
be
pa
ya
bl
e
eit
her
in
ca
sh
pr
io
r
to
co
ns
tr
uc
ti
on
,
in
in
st
al
lm
en
ts
du
ri
ng
co
ns
tr
uc
ti
on
,
or
in
in
st
al
lm
en
ts
,
wi
th
int
ere
st
at
a
ra
te
to
be
de
te
rm
in
ed
by
th
e
Se
cr
et
ar
y
of
th
e
Tr
ea
sur
y,
as
of
the
be
gi
nn
in
g o
f t
he
fis
cal
ye
ar
in
wh
ic
h c
ons
tru
cti
on
is
ini
tia
ted
, o
n t
he
bas
is
of
the
co
mp
ut
ed
av
er
ag
e
in
te
re
st
ra
te
pa
ya
bl
e
by
th
e
Tr
ea
su
ry
up
on
its
ou
ts
ta
nd
in
g
ma
rk
et
ab
le
pu
bl
ic
obl
iga
tio
ns,
wh
ic
h
ar
e n
eit
her
du
e
no
r c
all
abl
e f
or
re
de
mp
ti
on
for
fif
tee
n y
ea
rs
fr
om
da
te
of
iss
ue;
(3)
ho
ld
an
d
sa
ve
th
e
Un
it
ed
St
at
es
fr
ee
fr
om
da
ma
ge
s
du
e
to
co
ns
tr
uc
ti
on
,
op
er
at
io
n,
an
d
ma
in
te
na
nc
e
of
the
fac
ili
ty;
an
d
(4)
ex
ce
pt
as
pr
ov
id
ed
in
su
bs
ec
ti
on
(f)
, m
ai
nt
ai
n t
he
fac
ili
ty
aft
er
co
mp
le
ti
on
of
its
us
e
for
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 (i) The Chief of Engineers, under the direction of the Secretary of the Army, is hereby
authorized to extend to all navigable waters, connecting channels, tributary streams, other waters
of the United States and waters contiguous to the United States, a comprehensive program of
research, study, and experimentation relating to dredged spoil. This program shall be carried out
in cooperation with other Federal and State agencies, and shall include, but not be limited to
investigations on the characteristics of dredged spoil, and alternative methods of its disposal. To the
extent that such study shall include the effects of such dredge spoil on water quality, the facilities
and personnel of the Environmental Protection Agency shall be utilized
The Corps’ program under this Act has been moving forward. The US. Environmental
Protection Agency initially determined that 71 of the U.S. harbours (since reduced to 65) have
polluted bottom sediments which must be confined under this program. Initially 56 diked disposal
areas would have been needed to accommodate these projects. Requirements have beenreduced
to 47 locations at this time. Several additional harbours are being re-evaluated by EPA and may
be dropped from the program.
Construction is underway at nine of the diked areas (Cleveland, Grand Haven,
Milwaukee, Toledo, Dickinson Island, Buffalo, Huron, Manitowoc-Two Rivers, and
Kenosha-Racine), four of which will be completed prior to June 1975(Cleveland, Grand Haven,
Milwaukee, and Dickinson Island). Four of the remaining five areas will be completed prior to June
1976 (all except Buffalo).
While the “Pilot Program” Study of 1969 concluded that the cost of this program be
considered a pollution abatement charge, funding has been made available from the Corps’
annual Operation and Maintenance budget for dredging. Costs for both construction of the diked
areas
and
the a
dded
dredg
ing e
xpen
se ar
e ide
ntifi
ed se
parat
ely i
n the
budg
et pr
esent
ation
.
2.1.2 US. Environmental Protection Agency (EPA)
The
Envi
ronm
enta
l P
rote
ctio
n Ag
ency
, e
stab
lish
ed a
s an
inde
pend
ent
agen
cy o
n
Dec
emb
er 2
, 19
70,
was
crea
ted
to p
ermi
t coo
rdin
ated
and
effec
tive
gove
rnme
ntal
acti
on o
n be
half
of t
he e
nvir
onme
nt.
EPA’
s go
al,
as i
t car
ries
out
thep
rovi
sion
s of
the
Fede
ral
Wate
r Po
llut
ion
Cont
rol
Act
of 1
972,
is to
abat
e an
d co
ntro
l po
llut
ion
syst
emat
ical
ly b
y pr
oper
inte
grat
ion
of a
vari
ety
of r
esea
rch,
moni
tori
ng,
sta
nda
rd
sett
ing,
and
enf
orc
eme
nt
acti
viti
es.
As
a co
mpl
eme
nt
to i
ts o
ther
acti
viti
es,
EPA
coor
dina
tes
and
sup
por
ts r
esea
rch
and
anti
-pol
luti
on a
ctiv
itie
s by
stat
e
and
loca
l g
ove
rnm
ent
s,
priv
ate
and
publ
ic g
roup
s, i
ndiv
idua
ls,
and
educ
atio
nal
inst
itut
ions
.
As
one
of i
ts r
espo
nsib
ilit
ies,
EPA
, al
ong
with
othe
r Fe
dera
l ag
enci
es,
com
men
ts o
n th
e
acti
viti
es
of
the
U.S
. A
rmy
Cor
ps
of
Eng
ine
ers
rel
ati
ng
to
dre
dgi
ng
in
nav
iga
ble
wat
ers
in
acc
ord
anc
e w
ith
the
prov
isio
ns o
f th
e Fi
sh a
nd
Wild
life
Coo
rdi
nat
ion
Act
and
othe
r in
tera
genc
y
agreements.
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 The Federal Water Pollution Control Act of 1972 establishes for the US. Army Corps
of Engineers the authority to issue permits, after public notice and opportunity for public hearing,
for disposal of dredged material in specified areas. The Corps is, therein, authorized to issue
permits for the discharge of dredged or fill material into navigable waters at disposal sites which
have been identified as a result of the application of guidelines developed by EPA in conjunction
with the Corps. It should be noted, however, that disposal sites may be designated by the Corps
of Engineers irrespective of the guidelines whenever such designation is made on the basis of
economic impact on anchorage and navigation. The Environmental Protection Agency is, however,
provided by the Act with a veto power over the Corps’ designation of any disposal site which may
have an adverse effect on aspects such as municipal water supplies, shellfish beds, fishery areas,
wildlife, or recreational areas. '
2.1.3 Other Federal Agencies
The Fish and Wildlife Service of the US. Department of the Interior assists with the
surveillance of navigable waters to detect unauthorized discharges of harmful pollutants, escape
of harmful pollutants from non-point and fixed upland sources, spills of oil and hazardous
substances, and other water pollution sources endangering fish and wildlife or their uses. In
cooperation with the EPA, Corps, and Coast Guard, the Service reports to the responsible
regulatory agency water pollution situations it considers harmful to environmental and
human-use values and otherwise assists and supports Federal actions against violators of the
Federal Water Pollution Control Act and the Marine Protection, Research, and Sanctuaries Act of
1972.
2.1.4 State Agencies
ln addition to the Federal control exercised through the US. Army Corps of Engineers,
each of the Great Lake States has some means of controlling activities of a dredging or
construction nature on waters within the State’s jurisdiction as further discussed in 2.2.2. This
control technique varies by State. Indiana, for example, requires submission of a dredging plan
to its Stream Pollution Control Board for approval prior to initiation of the activity. The Board
reviews the application and often makes recommendations for project modification. The plans are
also required to be submitted to the State Department of Natural Resources for approval. The
state-adopted water quality standards are used by the Pollution Control Board as the criteria
against which the activity is judged. The scope of the review of the Department of Natural
Resources is, however, much broader.
Minnesota, New York, Michigan and Ohio each have a defined permit program for work
in navigable waters. Permits must be obtained from the appropriate state agency prior to
-14-
initiation of any work. Permits may include terms and conditions with respect to the amount and
manner of operation and construction or other controls as is deemed reasonable to protect
environmental values.
in addition to each state’s specific requirement for work in navigable waters, the
projects of the Corps of Engineers are routinely evaluated and commented upon by agencies of
the affected state. This process begins at the project authorization phase as Congress considers
funding and continues through to the reviews of any environmental impact statements that may
be prepared prior to project initiation.
2.2 U.S. LEGISLATION AND REGULATIONS
The federal system used to control dredging and other work in the navigable waters
of the United States is composed of three elements: legislative acts that express the intent of the
Congress; regulations (published in the Federal Register) which implement the legislation with a
workable administrative program; and criteria and/or guidelines that are developed to expand or
delineate requirements in the acts and regulations. Each successive step is more explicit
regarding procedures.
2.2.1 Federal Laws
it is important to note the following definitions as used herein. A “standard” is an
authoritative rule, principle, or measure used to determine the quantity or extent of pollution. it
should be noted also that, although a standard is official or quasi-legal, it is based on the best
scientific knowledge and engineering practice available at the time of its formulation.
A “criterion” is a reference on which a decision or judgement to support a particular
water use may be based. It can be quantitatively evaluated by existing analytical tests. A criterion
differs from a standard in that it has no connotation of authority, but rather is a yardstick of water
quality. A “guideline” is an outline of policy.
Currently, there are seven Acts of Congress that may have a direct impact upon the
findings, conclusions, and recommendations that are contained in this report. In chronological
order, they are:
the River and Harbor Act of 1899 (33 U.S.C. 401) which regulates dredging and construction in
navigable waters; the River and Harbor Act of 1902 (33 U.S.C. 565) which regulates dredging that
may connect to, or be in the area of, a Federal project; the Fish and Wildlife Coordination Act of
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 US CORPS 0F ENGINEERS
PERMITS FOR ACTIVITIES IN NAVIGABLE WATERS OR OCEAN WATERS
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1. SECTION 10 OF THE RIVER AND NARIOR ACT 0F 1 NARC" 1899 - ACTIVITIES IN
NAVIGABLE HATERS OF THE UNITED STATES.
1. SECTION AM OF THE FEDERAL HATER POLUTION CONTROL ACT.
DREDGE OR PILL MATERIAL IN THE NAVIGAILE WATERS).
3. SECTION 103 0' THE MRIN'E PROTECTION, RESEARCH AM} WWMIES ACT OF
1972 (DISPOSAL OF DREDGEJJ HATERIAL IN THE OCEAN HATERSIV
HEARINGS REggIRED iv:
IV SECTION I‘01 AND ‘0‘ OF THE FEDERAL HATER POLLUTION CONTROL ACT.
‘ SECTION 103 OF THE NATIONAL KARINE PROTECTION‘ RESEARCH AND SANC'I'UARIES
ACT OF 1972,
(DISPOSAL 0!
Figure 2—A
 2.2.2 State Laws
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 of sand, gravel or other material therefrom, except that the department may by regulation provide
that only one application for permit need be filed in case the relief sought pertains to work in such
streams which are also navigable waters of the state.
In addition to the foregoing, special aspects such as arise in the case of dredging to
provide an inlet or outlet for a power plant, the New York Public Service Law, Art. VIII could be
applied to require consideration of environmental impacts of both the dredging operation and the
proposed disposal of the dredged material.
In Indiana, it is the policy of the Stream Pollution Control Board to require plans for
dredging projects to be approved by the Board prior to the start of the project to verify that all such
projects are in keeping with the Water Quality Standards for the waters of the State. In approving
plans for dredging operations, the Board recommends that dredgings be treated in the most
practicable manner, including adequate settling and skimming. The Board also recommends that
larger projects utilize a cutterhead suction dredge instead of a clamshell. Subsequent to the
Board’s approval, approval must also be obtained from the Indiana Department of Natural
Resources.
Dredging activities are regulated by the Minnesota Pollution Control Agency in
accordance with the laws relating to the Minnesota Pollution Control Agency, Chapters 115 and
116, Statutes, 1971.
Ohio’s activities concerning dredging in the Lake Erie basin involve two broad areas.
The first is to review and comment upon environmental impact statements submitted by the
Corps of Engineers. These impact statements discuss probable environmental changes either as
a result of Corps activity in dredged material disposal from certain Lake Erie ports or in
construction of holding facilities for other ports. Primary response to such statements comes from
the Ohio Department of Natural Resources and Ohio Environmental Protection Agency. Much the
same type of review is given to “Section 10” projects, where private corporations or individuals
apply to the Corps for permission to perform dredging operations.
A permit system is also employed by Ohio for commercial operations involving removal
of sand and gravel from the bed of Lake Erie. This system is discussed in Sec. 1505.07 of the Ohio
Revised Code. The most recent modifications have been in effect since October, 1972. Some
relevant excerpts of Section 1505.07 are: the Director of Natural Resources, with the
approval of the Director of Environmental Protection, the Attorney General, and the Governor, may
issue permits and make leases to parties making application, for permission to take and remove
sand, gravel, stone . . . and other minerals or other substances from and under the bed of Lake Erie,
either upon a royalty or rental basis, as he deems best for the State... Such permits shall be issued
for terms of not less than one (1) year nor more than ten (10) years, and such leases shall be for
a term of years or until the economic extraction of the mineral or other substance covered thereby
has been completed. Such taking and removal shall be within certain fixed boundaries that do not
conflict with the rights of littoral owners. No person shall remove sand, gravel, stone, or other
minerals or other substances from and under the bed of Lake Erie without first obtaining a permit
or lease therefor from the Director.
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 During 1974 the Federal Department of Environment instituted administrative
procedures for the environmental review and assessment of Federal activities, including dredging,
to ensure, that projects procedures and activities in which the Government of Canada has an
interest are subject to an environmental assessment and that the findings of such assessments
result in designs and procedures which protect or enhance the natural environment. In a Cabinet
decision of December 20, 1973, the Government directed all departments and agencies:
(1) to take environmental matters into account throughout the planning and implementation of
projects, programs and activities that are initiated by a department or agency, or for which federal
funds are solicited or for which federal property is required; (2) to undertake or procure an
assessment of potential environmental effects on time before commitments or irrevocable decisions
are made for all projects which may have an adverse effect on the environment; (3) to submit the
assessments made for all major projects that will have a significant effect on the environment to
the Department of the Environment for review; (4) to incorporate the results of environmental
assessments and reviews in the design, construction, implementation and operation of projects,
giving environmental problems the same degree of consideration as that given to economic, social,
engineering and other concerns; (5) to include in program forecasts and annual estimates the funds
necessary to carry out the intent of this policy and program.
The Government has invited proprietary crown corporations and regulatory agencies to participate
in the environmental assessment and review process. The Minister of Environment is required by
Cabinet directive to develop procedures for the implementation of these policies and to establish
a procedure for cooperation with provinces and territories in undertaking assessments on
projects of mutual concern. Specifically the Minister of Environment, in cooperation with other
Ministers, has been instructed to establish: (1) a procedure for administering the
environmental assessment and review process including arrangements for the public to comment
on the environmental issues, with provision for public hearings when appropriate; (2) an
Environmental Assessment Panel consisting of qualified personnel from within the Department of
the Environment, with arrangements for the appointment of a member of a department whose case
is under review, for the period of that review; (3) in special cases, an Environmental Review Board
external to the government service; (4) a procedure for cooperating with provinces and territories
in the undertaking and reviewing of environmental assessments of projects of mutual concern. ‘
During 1974 the Department of Environment introduced the Environmental Assessment and
Review Process (EARP) thereby providing for the administrative co-ordination of environmental
matters in all federal programs and activities as well as in projects for which federal funds or
property are required.
The EARP procedure adopted for DPW projects is illustrated in Figure 2-8. Within the Ontario
region, the procedures being adopted involve the provincial authorities through formal linkages
to provide advice and secure consultation. The Province of Ontario, in a recent “green paper" on
environmental policy, has indicated its intent to establish, through legislation, its own
environmental review procedures. It is anticipated that the federal regional procedures will be
adjusted to coordinate review action on projects and programs of interest to both the provincial
and federal authorities. At the federal level an Interdepartmental Committee on the Environment
-21-
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Section 92 of the BNA Act gives the provincial legislatures exclusive jurisdiction over
property and civil rights. Under Section 109, the Province of Ontario was given control and
ownership of crown lands in Ontario. These sections give the Province control over natural
resources including land, air, water and land under the water. It is through the very broad power
over property that the Province has direct jurisdiction over all resources and thus some indirect
control over dredging.
None of the provincial statutes reviewed by the Working Group contain any direct
reference to dredging although the Province is not precluded from enacting legislation that
specifically refers to dredging. However, because the disposal of dredged material is an integral
part of the dredging operation it is difficult to regulate it under the property and land use
jurisdiction without risk of encroaching on federal jurisdiction over navigation. It is important to
note that in the above-mentioned Provincial Acts there is no attempt to control the dredging itself,
but rather the removal and disposal of the dredged material as it relates to water pollution and
land use which are clearly matters of provincial jurisdiction. None of these statutes specially refers
to dredging, but rather to the disposal of any material regardless of its origin or the removal of
material from beaches.
Municipalities may also have by-laws controlling land use that could affect the disposal
of dredged material.
2.4.1 Navigable Waters Protection Act
The Navigable Waters Protection Act (R.S.C. 1970 Chapter N-19) is one of the statutes
through which the Federal Government has exercised its jurisdiction over navigation and is
designed to protect water, as defined in the Statute, by prohibiting the building or placement of
any work in, upon, over, under, through, or across a navigable water without the approval of the
Minister of Transport. According to the Act, work includes
any dumping of fill or excavation
of materials from the bed of a navigable water. Generally the Act can control dredging and
dumping but this could result from different sections of the Act depending on the
circumstances.
An approval granted by the Minister in respect of a work and the site and plans
pursuant to this Act is only an authorization to interfere with the public right of navigation to the
extent of the work for which site and plans have been approved. The approval of the Minister is
not an approval for construction nor an authorization in respect of any statute, regulation or
bylaw, federal, provincial or municipal which may require some other form of authorization in
respect of construction, land use, noise, weed or pollution control, zoning or like matters; nor does
such approval of the Minister vest in the recipient any title, easement, restriction or other property
rights in respect of the land on which the work is to be placed or in respect of any property
adjacent to or in the vicinity of the work.
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Section 5 requires thatthe work and the site and plans thereof be approved by the
Minister. If a person did not obtain approval before starting construction as required by
subsection 5 (1), the Minister could order the work to be removed or altered or stop further
construction. Failure to comply with such an order would make an owner or person liable on
summary convictions to a fine not exceeding five thousand dollars. Subsection 6 (4) provides for
late approval when the construction is already started or completed before the applicant applies
for approval. There is an extra fee of one thousand dollars for making a late application under
Section 6.
Section 5 does not apply to any work (except in the case of a bridge, boom, dam or
causeway) that in the opinion of the Minister does not interfere substantially with navigation.
However, even if a work such as dredging is exempt under subsection 5(2), at least the appropriate
government departments can be informed of the proposed dredging when the applicant applies
for the exemption.
It should be emphasized that the Act is only applicable where the water in question is
navigable. Whether a particular water is navigable water is a matter of fact and must be decided
on a case-by-case basis. Dredging could take place in non-navigable waters, but this would be
uncommon.
in recent years, the Ministry of Transport has adopted the practice of referring
applications under the Navigable Waters Protection Act to various federal and provincial
authorities who might be concerned with environment, land use and other matters affected by
dredging. In most cases, the Ministry obtains the concurrence of these government agencies
before issuing an approval under Section 5 of the Act. The Minister may issue an approval upon
such terms and conditions as he deems fit. Recommendations relating to the environment and
other government agencies have been included as terms and conditions on a few occasions.
However, as the Ministry of Transport could be placed in an unfavourable legal position, an
approval may be issued even though some authority has objected for reasons other than the
protection of navigation, and a covering letter issued advising that the guidelines and approvals
of other agencies may apply.
2.4.2 The Harbour Commissions Act
The Harbour Commissions Act, Chapter H-l of the Revised Statutes of Canada,
provides for the establishment of a harbour commission for any harbour in Canada that is not
named in the National Harbour Board Act, or for any harbour for which a harbour commission
has not otherwise been established by Parliament. Such a commission has the power to regulate
dredging within its harbour. However, Section 29 of the Harbour Commission Act recites
that, * any work undertaken by or on behalf of the Commission affecting the use of any
navigable water is subject to the Navigable Waters Protection Act.
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 2.4.3 The National Harbours Board Act
The National Harbours Board Act, Chapter N8 of the Revised Statutes of Canada
provides the Board with jurisdiction over any harbours which may be transferred to the Board. The
Board has power to control dredging. Section 37 of the Act requires compliance with the Navigable
Waters Protection Act and both Ministers of Transport and Public Works must approve the works
jointly. There are also other federal acts that establish harbour commissions for particular
harbours and which, similarly, could control dredging.
2.4.4 The Public Works Act
Section 9 of the Public Works Act reads in part:
9.(1)
The Minister has the management, charge and direction of the following properties
belonging to Canada, and of the services in this section enumerated, namely:
(a) the dams, the hydraulic works, the construction and repair of harbours, piers and works
for improving the navigation of any water, and the vessels, dredges, scows, tools, implements and
machinery for the improvement of navigation.
Section 37 of the Act reads as follows:
Whenever the Governor in Council, or the Minister charged with any work for the improvement
of navigation, directs any work to be performed in any navigable water for the improvement of the
navigation thereof, it is lawful for the officers or servants of Her Majesty or the contractors for the
work, under the direction of the Governor in Council or of the Minister, to enter upon, dig up, dredge
and remove any part of the bed of such navigable water, or to build or erect any works thereon, as
may be directed or authorized by the Governor in Council or by the Minister for the improvement
of the navigation,
Without this section the dredging by officers, servants or contractors of the Federal
Crown could result in trespass since the bed of a navigable water may be owned by the provincial
government or another person.
2.4.5 The Fisheries Act
Section 91(12) of the BNA Act gives the federal government jurisdiction over sea coast
and inland fisheries. In Ontario, and several other provinces, the Federal Government has
delegated to the province the administration of the Federal Fisheries Act.
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 Subsection 33(2) is the general anti-pollution provision of the Fisheries Act and
states no person shall deposit or permit the deposit of a deleterious substance of any type
in water frequented by fish Deleterious substance is given a very broad meaning under
Subsection 33(11).
Section 33(1) prohibits the throwing overboard of ballast, coal ashes, stones, or other
prejudicial or deleterious substances in any river, harbour, roadstead, or in any water where
fishing is carried on. This section could in some cases be applied to dredging. Key elements in an
offence under this section are “throwing overboard” and “where fishing is carried out.” Section
30 states the eggs or fry of fish on the spawning ground, shall not at any time be
destroyed.
Unfortunately, Sections 30, 33(1), and 33(2) are punitive rather than preventive in
nature. However, if the appropriate environmental authorities know of the proposed dredging,
they can advise the proponent on how to conduct the dredging without violating these
provisions.
Subsection 33(12) of the Fisheries Act is suitable for making regulations to control
continuous effluents from industrial sources. lt is unlikely that this section could be used to
develop any regulations to control dredging. Section 34 provides a general power to make
regulations for carrying out thepurposes and provisions of the Fisheries Act and in particular, but
without restricting the generality of the foregoing, provides the power to make regulations:
(b) respecting the conservation and protection of fish;
(h) respecting the obstruction and pollution of any waters frequented by fish;
(i) respecting the conservation and protection of spawning grounds.
It should benoted that the power to make regulations does not include the authority
to delegate discretionary power to the Department which could control the manner in which a
dredging project is conducted. However, if a dredger was not willing to follow the advice of the
Department of the Environment, he could be reminded of the Department’s power to prosecute
under the general provisions of the Fisheries Act if any pollution resulted from the dredging.
2.4.6 Migratory Birds Convention Act
Control over dredging might also be derived from regulations under the Migratory
Birds Convention Act. Section 51 thereof, states:
No person shall place, cause to be placed or in any manner permit the flow or entrance
of oil, oil wastes or substances harmful to migratory birds into or upon waters or upon
the ice covering such waters.
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 2.4.7 Provincial Acts
Dredging may be affected by the following Ontario Acts which, in many circumstances,
could be applied indirectly to exercise significant control over a dredging activity:
i) Ontario Water Resources Act
ii) Environmental Protection Act
iii) Beds of Navigable Waters Act
iv) Public Lands Act
v) Conservation Authorities Act
vi) Beach Protection Act
vii) Public Health Act
viii) Lakes and Rivers Improvement Act
2.4.7.1 The Ontario Water Resources Act
The direct control of resources gives the Province jurisdiction over water and air
pollution and other environmental matters. Subsection 32(1) of the Ontario Water Resources Act
prohibits the discharge or deposit of any material of any kind into water that may impair the
quality of the water. This subsection gives the Ontario Ministry of the Environment authority to
require that the dredged material be disposed so that it does not pollute the waters. In practice,
the Ministry of the Environment advises by letter whether the material to be dredged may impair
the quality of the water and the water quality which should be maintained. The Ministry does not
issue a permit but rather advises the applicant what it considers acceptable within the terms of
the Ontario Water Resources Act.
2.4.7.2 The Environmental Protection Act
The Environmental Protection Act contains general provisions for the control of all
contaminants being discharged to any part of the natural environment. However, since in
application it is better suited to the control of continuous emissions from industry and
automobiles, the Ontario Water Resources Act is the more-appropriate provincial environmental
legislation to apply to dredging.
2.4.7.3 The Beds of Navigable Waters Act
The Beds of Navigable Waters Act recites that, with certain exceptions, the beds of
navigable waters, in the absence of an express grant of title, remain the property of the provincial
crown. In some cases the bed of the waterbody might be owned by the Federal Ministry of
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Transport or Department of National Defence and then application for acquisition of the land
would have to be made to the appropriate authority. Dredging operations are often done in
conjunction with other construction activities and in such cases it is necessary for an applicant
if other than a federal agency, to obtain title to the bed of the waterbody.
2.4.7.4 Public Lands Act
Whenever the bed of a waterbody in question is owned by Ontario, an appropriate
application for disposal should be made under the Public Lands Act (Revised Statutes of Ontario
1970, Chapter 81). Section 29 of the Act makes it an offence to deposit any material upon public
lands, whether or not covered by water, without the written consent of the Minister or authorized
officer. Section 45 allows the Minister to sell, lease, or issue a licence of occupation in respect to
public lands covered with water.
2.4.7.5 The Conservation Authorities Act
Section 27(1) of the Conservation Authorities Act gives conservation authorities
considerable power to control waterways within their jurisdiction. This Section states in part:
Subject to the approval of the Lieutenant Governor in Council, an authority may make
regulations applicable in the area under its jurisdiction
(a)restricting and regulating the use of water in or from rivers, streams, inland lakes,
ponds, swamps, and natural or artifically constructed depressionsin rivers or
streams;
(b)prohibiting or regulating the straightening, changing, diverting or interfering in any
way with the existing channel of a river, creek, stream or watercourse;
(c)regulating the location of ponds used as a source of water for irrigation;
(d)providing for the appointment of officers to enforce any regulation made under this
section;
(e)prohibiting or regulating the construction of any building or structure in or on a pond
or swamp or in any area below the high water mark of a lake, river, creek or
stream;
(f)prohibiting or regulating the placing or dumping of fill of any kind in any defined part
of the area over which the authority has jurisdiction in which in the opinion of the
authority the control of flooding or pollution or the conservation of land may be
affected by the placing or dumping of fill.
Any regulations made under Subsection 27(1) (f) would substantially affect any
dredging project within an established conservation area.
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2.4.7.6 The Beach Protection Act
The Beach Protection Act controls the removal of sand and gravel from the bed, bank,
beach, etc., of waterbodies. This Act is intended to protect beaches and the property rights that
the province has in such sand and gravel. Section 3 prohibits any person from carrying away or
removing by dragline or other mechanical device any sand from a bed, bank, or shore unless the
person has a licence. Section 9 provides the power to make regulations to prohibit or restrict the
removal of sand from the shores of Lakes Ontario, Erie and Huron. The Act is not intended for the
control of dredging for the purposes of navigation, but could do so indirectly.
2.4.7.7 The Public Health Act
Section 95a of the Public Health Act places certain controls on waste disposal which
could include dredged material. Subsection 95a(11) prohibits disposal of wastes without a
certificate. A medical officer of health may order the removal of wastes if the disposal was not
approved. This section could be applied to the disposal of dredged materials that are
contaminated particularly if they are to be disposed of in a populated area. The disposal of such
material could be controlled by requiring a certificate of approval under the Waste Management
Act.
2.4.7.8 The Lakes and Rivers Improvement Act
Section 10 of the Lakes and Rivers Improvement Act prohibits construction of a dam
on any lake or river until both the location of the dam and its specifications have been approved
by the Minister of Natural Resources. A dam is defined in general terms as a work forwarding,
holding back or diverting water. The Act is not intended to control dredging for navigation
purposes but can be used to prevent or regulate stream diversions and therefore may exert control
over related dredging activities.
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 3.0 DREDGING PURPOSES, EXTENT AND
PRACTICES
3.1 PURPOSES OF DREDGING
Dredging is a process by which sediments are removed from the beds of river channels,
lakes and harbours and disposed of elsewhere in a manner that is compatible with the dredging
purpose and requirements. The common purposes for dredging are;
— to maintain, improve or extend navigable waterways,
- to create, maintain or improve harbour facilities,
— to extract resource materials [including gravel, sand and
shellc; for construction materials or to create additional
land, and
— to remove undesirable materials from an aqueous
environment.
3.2 EXTENT OF DREDGING ACTIVITIES
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 is only temporary. The data of dredging activities for the seven-year period prior to 1973 as
presented herein, provide a representative indication of continuing long-term requirements.
TABLE 3—1
CANADIAN DREDGING ACTIVITIES IN THE GREAT LAKES
Total Volumes Dredged (1966—1972)
(Quantities in 1000 m3)
LAKE WELLAND LAKE DETROIT— LAKE LAKE TOTAL
PURPOSE ONTARIO CANAL ERIE ST. CLAIR HURON SUPERIOR
COMMERCIAL 7,528 1 , 155 1,575 276 155 1,540 12,229
RECREATIONAL 11 — 15 44 139 — 209
FISHING — — 99 — 17 — 116
MININGi“ 322 — 599 — — 178 1,099
LAND
RECLAMATION 50 — — — 117 2 169
*Volumes of dredging for mining purposes are for the period 1970—1972 inclusive
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 The geographic distribution of major Canadian dredging activities is illustrated
according to purpose on the maps of the tour lakes located partly in Canada that are presented
as Figures 3—A to 3-D inclusive. Lake Ontario requires the greatest attention, accounting for 60
percent of all navigational dredging and 30 percent of mining and land reclamation in the
Canadian Great Lakes. Hamilton and Toronto Harbours together account for over 94 percent of
the Lake Ontario navigational dredging. Canadian dredging in Lakes Erie and Huron and their
connecting channels is fairly evenly distributed geographically whereas the dredging at Thunder
Bay accounts for almost all of the Canadian activity in Lake Superior.
Over 82 percent of all Canadian dredging carried out on the lakes is in support of
navigation and consists primarily of dredging approach channels and basins in commercial
harbours. Although widespread throughout the lakes, dredging for recreational purposes and
fishery ports makes up a very minor portion of the total activity. Sand and gravel mining from the
lake beds represents about 17 percent of the total Canadian dredging in the lakes, while land
reclamation accounts for approximately one percent.
The bulk of the Canadian lakes dredging is currently being carried out by ten major
dredging contractors. However, because of the great variability in demand, not all of these firms
maintain dredging plant on the lakes at all times. To meet occasional peak requirements the
available capacity is supplemented with additional plant drawn primarily from contractors located
in the lower St. Lawrence River area.
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 3.3 DREDGING PLANT AND PRACTICES
The dredging process involves four basic actions:
- loosening or dislodging of the material to be removed,
- excavation and lifting to the water surface,
- transportation to a disposal site, and
- disposal.
The loosening or dislodging action is by mechanical penetrating and grabbing, raking
or cutting, drilling and blasting, or hydraulic scouring. The lifting action is accomplished by
vertical hoisting utilizing cables or hydraulic power, by inclined hoisting employing an endless-belt
principle or by hydraulic suction. The transporting is done by pipelines, scows, hopper dredges,
trucks, or by overcasting. The disposal function of the operation is accomplished by discharging
from a pipeline, dumping from trucks, bottom dumping or by pumping out of scows or hoppers.
In some hydraulic dredging operations the four actions are carried out continuously and
concurrently by a single piece of equipment while other methods employ two or more units and
perform the several actions separately and intermittently.
Dredging plant and practices have been developed over time to achieve maximum
economic
returns
through
output
optimization
with
little regard
having
been
given
to
environmental concerns. Thus the type of equipment used and the method adopted to perform
a dredging operation in the most efficient and economic manner has traditionally been selected
on the basis of the following factors:
‘ the classification of the material to be dredged,
the physical environment at the dredging site,
the dredging depth,
the location and nature of the dredged-material disposal site, and
the availability of suitable dredging plant.
However, since it is now recognized that dredging operations can have an adverse
environmental
impact, particularly when
it is necessary to excavate and dispose of grossly
contaminated sediments, the various aspects of environmental concern reviewed in this report will
in future need to be considered when selecting plant and operating procedures.
Unfortunately, there are few actual experience data upon which to base analytical
evaluations of the environmental
effects of dredging. Neither is there much
comparative
information available for assessing the relative performance of different types of dredging
equipment in environmental terms. It is apparent from visual observations of turbidity in the area
of dredging operations that losses of fine materials take place during excavation. One measure
of the extent of disturbance caused would be indicated from the percentage loss of such fine
materials but direct determination of such data is scarcely practical. Since different types of
dredging
plant have vastly different operating characteristics, even the comparative effects
between them are difficult to establish. A modern cutter-suction dredge, which may handle up to
3,000 m 3per hour, cannot be compared directly with a 3 m 3clamshell dredge operating efficiently
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at a production rate of 120 m3per hour. Which will result in the greater aggregate loss of fines is
not really known.
Maintenance dredging projects usually deal with recent accumulations of sediments
which may have beencontaminated. They are more likely, therefore, to give rise to adverse and
intense short-term pollutional effects than would capital works projects. The latter normally
involve significant physical changes to bottom site geometry which induce long-term influences in
the environs of the dredging site. Any dredging operation may impose a combination of both short.
and long-term environmental impacts at the dredging site as are more fully discussed in Section
5.4.
Comparison of the operating cycles and procedures for the various types of dredging
plant used in the Great Lakes is of interest insofar as it is possible to distinguish differences in
impact intensities which relate to specific types of equipment and particular operating practices.
The choice of dredging plant generally has less influence upon long-term dysfunctional effects,
although some may be inferred from changes in bathymetry and substrate disturbances which
can be related to typical dredging operations.
3.3.1 Dredging Plant
Dredging plant is broadly categorized as mechanical, hydraulic or pneumatic
equipment. As the designation implies, mechanical dredges accomplish the digging of bottom
sediments through the direct application of mechanical force to dislodge and remove the material.
Most mechanical dredges deliver the dredged material into scows for transportation to the
disposal site. Specialized mechanical dredges include the dipper dredge, the bucket ladder dredge
and the grab or clamshell dredge all of which are used extensively in the Great Lakes
waterways.
Hydraulic dredges operate on the principle of the centrifugal water pump. The pressure
difference across the impellor creates a water velocity sufficient to transport a slurry of the
material being dredged through a pipeline for deposit at the disposal site. Mixtures containing 15
to 20 percent of material by volume are usual. Suction dredges, hopper dredges and cutter-suction
dredges are examples of hydraulic plant utilized in the Great Lakes.
Pneumatic dredges are a recent, European-patented innovation and have not yet been
introduced into North America. The dredge operates on compressed air and hydrostatic pressure
and is reported to be capable of entraining mixtures of material and water containing up to 60
percent solids by volume.
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3.3.1.1 Mechanical Dredging Plant
3.3.1.1.1 Grab or Clamshell Dredges
The grab or clamshell is the most commonly used mechanical dredging plant in the
Great Lakes fleet with application to a wide range of maintenance and new-work projects. It may
be used to excavate all types of materials except for the most-cohesive sediments and solid rock.
Grab and clamshell dredges are frequently employed for maintenance dredging operations and
are particularly adapted to operating within confined areas and where close control of position
and depth is essential to avoid undermining the foundations of marine structures. The excavation
is accomplished as an intermittent operation and results in a somewhat irregular and disturbed
bottom surface.
In practice, the clamshell usually excavates a heaped bucket of material. During
hoisting, drag forces wash awaypart of the load and once the bucket clears the water surface
additional losses occur through rapid drainage of entrapped water and slumping of the material
heaped above the bucket rim. The bucket may be inadvertently prevented from fully closing by
random pieces of timber, large roots, boulders or rubble fragments, and if it remains ajar, much
of its load may be lost during hoisting. Losses of material throughout the process are also
influenced by the fit and condition of the bucket and the hoisting speed, and can vary widely
between different types of material. Even when fully closed, substantial losses of loose and fine
sediment can occur.
3.3.1.1.2 Hydraulically-operated Clamshell and Backhoe Dredges
A modification of the grab dredge, the hydraulically-operated clamshell and backhoe
dredges are essentially land-based excavators that are particularly useful for near-shore
operations. They have the advantages of providing controlled penetration of sediments
independently of bucket weight and of short operating cycles but, on the other hand, have limited
depth capabilities. Backhoes dredge in the backwards direction but, by reversing the bucket, can
be used as hydraulically-operated dipper dredges. (See Section 3.3.1.1.4.)
3.3.1.1.3 Dragline Dredges
Usually operated also from a land site, the dragline dredge is basically a crane
equipped with a suitable drag bucket. A long boom or deadman post is used to swing the bucket
into place over the sediments to be excavated where it is released and sinks to the bed. It is then
dragged along the bottom back to the disposal site at which the crane is located. Such dredges
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can also be operated from barges in which case the bucket is raised and the material dumped into
an adjacent scow. Dragline dredges tend to displace much more material than they excavate in
each digging cycle.
3.3.1.1.4 Dipper Dredges
Dipper dredges are capable of exerting great mechanical effort and hence find
application in the sub—aqueous excavation of soft or broken rock and dense sedimentary deposits
such as boulder clay and glacial till. Unlike the grab dredges, the bucket is firmly attached to a
long boom and is forced into the material to be removed. To increase the digging power, the
dredge barge is suspended on powered spuds that transfer the weight of the front portion of the
vessel to the river bed.
The violent action of this type of dredge causes considerable disturbance during
digging and there is also a significant loss of material from the bucket as it is raised. However,
such losses are almost inevitable in dredging the dense, cohesive sediments for which such plant
is primarily utilized.
3.3.1.2 Hydraulic Dredging Plant
3.3.1.2.1 Plain Suction Dredges
This is the simplest form of hydraulic dredge and is used primarily for excavating
freely-flowing materials. The dredge consists essentially of a barge-mounted centrifugal pump and
a pipeline. Materials from the bottom are drawn up through the suction line and discharged into
a sc
ow or
to a
near
by di
sposa
l sit
e. Pl
ain s
uctio
n dr
edge
s are
comm
only
used
for s
and
minin
g,
sand
bypas
sing,
beac
h res
torat
ion,
gener
al ri
ver c
hann
el m
aint
enan
ce,
and
scow
unloa
ding.
3.3.1.2.2 Trailing—suction Hopper Dredges
The trailing-arm hopper dredge is a plain suction dredge mounted on a self-propelled
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ad o
f on
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rge.
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ion
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ke p
ipe
is dr
agge
d al
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of th
e ar
ea t
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3.3.1.2.4 Dustpan Dredges
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 length of the dustpan head. During operation, anchors are placed upstream of the dredging area
and the vessel is pulled along by reeling in the anchor cables. Because of the wide head
configuration, it is possible to obtain a higher solids content in freely-flowing materials than with
other hydraulic suction plant. While the practice of letting no doubt improves efficiency, a side
effect is the considerable resuspension of fine-grained materials that escape from the suction
head.
3.3.1.3 Pneumatic Dredging Plant
The “Pneuma” System dredge has recently been developed in Europe but has not yet
been introduced into North America. The equipment which usually consists of a cluster of three
large diameter air-operated pump chambers discharging via pipeline, operates through positive
displacement action. Pneuma equipment has particular application to mining-type operations in
freely-flowing material and is capable of operating in very deep water. Observations indicate
considerable variability of loading, although slurry concentrations averaging between 30 and 40
percent solids content are achieved. Development and testing of variations of the basic system,
which may give rise to modifications suitable for other applications, are being pursued in Europe
and Japan.
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 minimum recorded levels to be 2.0 m for Lakes Huron, Michigan and Ontario, 1.2 m for Lake
Superior and 1.5 m for Lake Erie.
Wind-induced level variations are much more significant over short time periods.
Wind-seiches of 2.6 m on Lake Erie and 0.8 m on Lake Huron have been observed while storm
wave-heights reach more than 8 m in Lake Superior, 5 m in Lakes Michigan and Huron and 4.5
m in the two lower Lakes. Mixing of the water mass is very considerable during such storms and,
in the shallower areas, extensive resuspension and redistribution of bed sediments occurs.
Wave action is generally considered to be morphologically effective in the Great Lakes
at depths of less than 20 m although the depth of induced motion varies greatly according to
aspect, fetch and bathymetry. However, it should not be inferred that in waters shallower than 20
m all bed materials are violently agitated. Wave energy is reduced with depth at a rate of about
one-h
alf f
or ev
ery o
ne-ni
nth o
f the
wavel
ength
. On
the b
asis
of cu
rrent
know
ledg
e con
cerni
ng th
e
lacustrine sedimentology of the Lakes, it may be concluded that sands and silty-sands are
probably subject to intermittent reworking within a depth of about 20 m and smaller-sized
parti
cles
are m
oved
freel
y abo
ut. T
he a
bsen
ce of
a rec
ent
sedi
ment
cover
at a
ny p
artic
ular
locat
ion
may
indic
ate t
hat,
provi
ding
mater
ial t
ransp
ort i
nto t
he ar
ea ta
kes p
lace,
local
energ
y
levels are too high to permit deposition.
As
an e
xamp
le o
f th
e ty
pes
of i
nfor
mati
on p
rese
ntly
avai
labl
e re
lati
ng w
ave
ener
gy
clim
ate
at a
loca
tion
to t
he b
otto
m se
dime
nt s
ize,
a se
ries
of i
llus
trat
ions
are
pres
ente
d
here
inaf
ter.
Figu
res
4-A
and
4-B
illus
trate
a fo
rm
of s
edim
ent
data
, wh
ich
may
be u
sed
to
inte
rrel
ate
wind
-wav
e ef
fects
and
sedi
ment
resp
onse
in th
e Gr
eat
Lake
s. F
igur
e 4—
A il
lustr
ates
Lak
e E
rie
sed
ime
nts
, de
scri
bed
as Z
one
s A,
B, C
, an
d D
. Th
ese
Zon
es r
efer
to s
kew
nes
s/k
urt
osi
s
rati
os
as
rela
ted
to t
he s
tati
stic
s of
the
part
icle
size
dist
ribu
tion
s b
ase
d u
pon
seve
ral
hun
dre
d
bot
tom
sed
ime
nt s
amp
les
fro
m t
he l
ake.
In e
ffec
t, “
ene
rgy
” le
vels
, as
rela
ted
to t
hese
sed
ime
nts
,
incr
ease
tow
ard
s Z
one
A, w
hic
h is
part
icul
arly
evid
ent
in t
he n
ear
sho
re z
one.
Figu
re 4
-B
illu
stra
tes
the
dist
ribu
tion
of c
omp
ute
d or
bita
l ve
loci
ties
, at
dept
h,
bas
ed
upo
n m
ete
orl
ogi
cal
dat
a c
oll
ect
ed
dur
ing
Oct
obe
r—N
ove
mbe
r 1
970
, a
nd
is r
epr
ese
nta
tiv
e o
f a
sus
tai
ned
per
iod
of
str
ong
win
d-w
ave
act
ion
ove
r t
he
lak
e.
The
re
is a
str
ong
cor
rel
ati
on
bet
wee
n t
he s
edi
men
t-e
ner
gy
“mo
del
”,
as
exe
mpl
ifi
ed
by
Fig
ure
4-A
, a
nd
the
orbi
tal
velo
city
mod
el,
and
evi
den
ce
at
this
tim
e s
ugg
est
s t
hat
sed
ime
nt
cha
rac
ter
ist
ics
may
be
use
d t
o c
omp
ute
the
rel
ate
d e
ner
gy
con
dit
ion
s i
n t
he
ove
rly
ing
wat
er
mass.
The
se
fig
ure
s a
re
inc
lud
ed
to
sho
w t
hat
suc
h s
edi
men
t-w
ate
r r
ela
tio
nsh
ips
are
bei
ng
est
abl
ish
ed,
and
tha
t
by
usi
ng
suc
h
bac
kgr
oun
d
dat
a,
and
kno
win
g
the
par
tic
le
siz
e (
and
coh
esi
ve)
cha
rac
ter
ist
ics
of d
um
pe
d (
dre
dge
d)
mat
eri
als
, it
will
lik
ely
be
pos
sib
le
to
mod
el
the
fat
e
of
ope
n-l
ake
dum
pi
ng
s
und
er
dif
fer
ent
con
dit
ion
s.
A
mod
ifi
cat
ion
to
the
orb
ita
l v
elo
cit
y m
ode
l
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 may also be used to estimate the depth to which physical turbulence may rework bottom
sediments.
Figures 4-C and 4-D illustrate the mean size content of the bed sediments in Lake Erie
and, as may be observed, show that good correlation exists between bed level energy distribution
and the sediment characteristics. Figures 4-E, 4-F, and 4-G present similar data for Lake
Ontario.
Wave energy also attacks the shorelines, and in the Great Lakes region the softer bluff
materials are eroding at rates of as much as 1.0 to 1.5 m per year. Bank erosion varies seasonally,
and, even at sites of severe erosion, rates are dependent upon local situations as well as variations
in lake levels and climatic conditions. Shoreline erosion provides a large portion of the total lake
sediment loadings and, together with those derived from upland drainage, constitute the primary
input of sediments to the lake environment. Recent deposits in protected harbour locations derive
primarily from influent drainage. On the other hand alongshore shoals and harbourmouth bars
are formed principally from shoreline erosion products through the reworking and transport of
materials within the littoral zone.
Circulation patterns of flow in the Lakes are influenced by wind stress, coriolis force
(to a minor extent) and, in the cases of Lakes Erie and Ontario, the momentum effects of the
inflowing Detroit and Niagara Rivers. The most significant circulation, however, is that caused by
the annual temperature cycle that results in regular seasonal thermal stratifications. Bottom
temperatures in the deeper parts of the Lakes remain throughout the year at close to 4‘C, the
temperature of maximum density, while surface waters vary from O"C to more than 2000.
Formation of well-defined epilimnion and hypolimnion strata in the summer, separated by a
thermocline, gives way to isothermal conditions in the fall. Ice cover in the winter is variable but
only in Lake Ontario is it generally restricted to nearshore areas and in embayments. The surface
waters of all the Lakes are cooled to below 4% and being less dense than the water at depth
remain near the surface. Thus, in both winter and summer, surface and deep waters tend to
circulate independently.
Research investigations undertaken in Lakes Erie and Ontario in recent years have
shown that, far from being stagnant as once believed, the hypolimnion waters can experience
considerable circulation current movements. In the summer of 1970, for example, during a
prolonged period of SW to W winds, the thermocline layer in Lake Erie took on a pronounced tilt
being at about 18 m depth on the US. side of the Lake and only 12 metres depth off
Pointe-auxPins, Ontario. Currents in the hypolimnion averaged between 5 and 10 cm/s but were
measured as high as 98.5 cm/s. Such peak velocities, even if only of short duration, would
resuspend considerable quantities of bottom sediments. Saltation would continue even under the
indicated mean range of velocities.
The physical processes in the Lakes are primarily responsible for the transportation
and mixing of sedimentary materials. In terms of dredging concerns, the transport process relates
mainly to the movement of dissolved constituents in the form of an enriched solution as well as
the redistribution of particulate materials. The mixing process relates to the incidence of
turbulence and this in turn affects primary productivity of the photosynthetic biomass through its
-50-
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 effe
ct
on
ligh
t p
ene
tra
tio
n.
Mix
ing
als
o r
edu
ces
the
con
cen
tra
tio
ns
of d
iss
olv
ed
sub
sta
nce
s n
ear
thei
r p
oin
ts
of
int
rod
uct
ion
and
aff
ect
s t
he
dis
per
sio
n o
f p
art
icu
lat
es.
Fig
ure
4-H
pre
sen
ts
a
con
cep
tua
l o
ver
vie
w o
f t
he
sea
son
al
var
iat
ion
s i
n p
hys
ica
l p
roc
ess
es.
4.2 CHEMICAL PROCESSES
The
che
mic
al c
omp
osi
tio
n of
Gre
at L
ake
s wa
ter
s va
ries
fro
m l
ake
to l
ake
and
stro
ngly
refl
ects
the
nat
ure
of
the
sur
rou
ndi
ng
bed
roc
ks.
In
Lak
e S
upe
rio
r,
whe
re
muc
h o
f t
he
bas
in
con
sis
ts
of
Pre
cam
bri
an
gra
nit
oid
out
cro
ps
and
san
dst
one
s,
the
wat
er
has
ver
y s
ligh
t al
kali
nity
(i.e.
pH
7.1-
7.4)
, wh
ere
as
in L
ake
s M
ich
iga
n a
nd
Erie
, wh
ere
the
infl
uenc
e of
car
bon
ate
rock
s is
far
mo
re
sig
nif
ica
nt,
pH
val
ues
ran
ge
bet
wee
n 8
.0
and
8.4
.
The
con
cen
tra
tio
ns
of m
ajo
r i
ons
and
trac
e m
eta
ls
in t
he
Lak
e wa
ter
s a
re g
ener
ally
ver
y l
ow
and
in
ma
ny
par
ts
of
the
Lak
es,
well
wit
hin
dri
nki
ng
wat
er
sta
nda
rds
. H
owe
ver
,
con
cen
tra
tio
n v
alu
es
rise
in t
he
nea
rsh
ore
zon
es
und
er
the
inf
lue
nce
of l
and
runo
ff,
rive
r in
flow
s,
and
cont
ribu
tion
s fr
om
bed
sed
ime
nts
that
are
inte
rmit
tent
ly r
esu
spe
nde
d b
y w
ave
acti
on.
The
con
cen
tra
tio
n o
f t
he c
hlo
rid
e io
n, w
hic
h m
ay
be
tak
en
as
a c
oar
se g
uid
e t
o th
e i
mpa
ct
of i
ndu
str
ial
and
urb
an
dev
elo
pme
nt,
sho
ws
a f
our-
fold
incr
ease
bet
wee
n L
ake
Supe
rior
and
Lak
e E
rie
waters.
The
maj
or
nutr
ient
ele
men
ts
incl
ude
nitr
ogen
, c
arb
on,
pho
sph
oro
us
and
sili
con.
In
ter
ms
of p
rim
ary
prod
ucti
vity
, ni
trog
en
valu
es (
in t
he
for
ms
of n
itra
te a
nd
amm
oni
a)
app
roa
ch
zero
in t
he
epil
imni
on
wat
ers
of
Lak
es
Onta
rio
and
Erie
dur
ing
the
sum
mer
mon
ths
. S
uch
sho
rta
ges
can
affe
ct p
hyt
opl
ank
ton
in t
hes
e la
kes
but
els
ewh
ere
nitr
ogen
doe
s n
ot a
ppe
ar
to b
e
limit
ing.
Diss
olve
d or
gani
c ca
rbon
and
phos
phor
ous
are
indi
cati
ve of
diss
olve
d or
gani
c ma
tter
; th
e
lowe
st
valu
es
of w
hic
h o
ccu
r in
Lak
es
Supe
rior
and
Hur
on,
and
foll
ow c
lose
ly t
he
tren
d of
tota
l
diss
olve
d ph
osph
orou
s. P
hosp
horo
us a
vaila
bilit
y in
Lake
s Hu
ron
and
Supe
rior
appe
ars
low
in bo
th
sum
mer
and
wint
er,
and
may
well
be l
imit
ing
in te
rms
of pr
oduc
tivi
ty.
Conc
entr
atio
ns o
f sil
icon,
as r
eact
ive s
ilica
, sh
ow a
shar
p dr
op i
n th
e ep
ilim
nion
laye
rs of
both
Lake
s Er
ie a
nd O
ntar
io d
urin
g
sum
mer
mon
ths
and
stro
ngly
sugg
est
that
diat
om g
rowt
h co
uld
be s
uppr
esse
d as
a re
sult
of
silicate shortage.
In c
onsi
deri
ng t
he c
hemi
cal
comp
osit
ion
of la
ke w
ater
s it
mus
t be
reco
gniz
ed t
hat s
uch
bodi
es a
re r
arel
y ho
moge
neou
s.
Conc
entr
atio
n le
vels
may
rise
very
sign
ific
antl
y in
near
shor
e
zone
s an
d pa
rtic
ular
ly i
n pr
otec
ted
harb
ours
, in
resp
onse
to h
igh,
poin
t-so
urce
load
ings
such
as
muni
cipa
l or
indu
stri
al di
scha
rges
. Du
ring
peri
ods o
f th
erma
l st
ratif
icati
on, t
he c
once
ntra
tion
s of
nutr
ient
s in
epil
imni
on a
nd h
ypol
imni
on w
ater
s ma
y be
com
e ve
ry d
iffe
rent
beca
use
of t
he u
ptak
e
of di
ssol
ved
subs
tanc
es d
urin
g bi
olog
ical
prod
ucti
vity
. On
the
deat
h or
inge
stio
n of
such
mate
rial
,
nutr
ient
s ma
y be
tran
spor
ted
from
the
epil
imni
on t
o th
e hy
poli
mnio
n la
yer s
o th
at in
sum
mer
it
is n
ot u
nco
mmo
n to
find
the
surf
ace
wate
rs d
eple
ted
of n
utri
ents
as a
resu
lt o
f bi
olog
ical
production. (See Figure 4-H.)
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Despite the fact that concentrations of total dissolved solids are relatively low in lake
water
s (60
to 15
0 ppm
), th
ere a
re im
porta
nt ex
chan
ge pr
ocess
es ta
king
place
betw
een w
ater
and
sedi
ment
s an
d wit
hin t
he se
dime
nts t
hemse
lves.
Some
of th
ese p
roces
ses a
re in
organ
ic an
d ma
y
depe
nd u
pon r
edox
poten
tial
(Eh)
and
pH c
ondit
ions
while
other
s are
essen
tiall
y bio
chemi
cal a
nd
involve microbiological processes.
The more-active geochemical parameters are associated with the presence of clay
particles, hydroxides (colloids) and particulate organics. The clay minerals, which may act as
adsorption sites for various ions or molecular compounds, predominate in the finer silt and
clay-size fractions. These particles have very highsurface area to volume ratios. If such materials
are disturbed they may simply be redistributed but if violently agitated, the adsorbed complexes
may
be p
artia
lly r
emov
ed.
Such
ions
may
rema
in i
n sol
ution
or s
impl
y re~
attac
h to
other
adsorption sites after transport to a less-turbulent location.
Recent sediments of silty-clay materials are usually loosely consolidated and retain a
very high water content (often greater than 100 percent). It is known that the interstitial or
pore-water of such sediments may retain much higher concentrations of ions in solution than
occur in the overlying water.If this porewater is released, as a result of turbulent mixing of the
bottom materials, it will effectively increase the total dissolved solids at the site of disturbance.
The chemistry of the bottom sediments and overlying waters in the Great Lakes
present complex situations wherein varied input loadings, residence times, and outputs give each
lake and its subbasins different, though related, characteristics. In simple terms, the size of Lake
Superior, the long residence time of its waters (183 years), and the relatively small cultural impact
of human activities in its basin means that generally its water quality has changed little since
records were initiated; it also means that, if its water quality does change, such effects may last
for a very long time. On the other hand Lake Erie, with its relatively short residence time (2.8
years), has shown considerable change in water quality relative to the effects of cultural impact.
lt is likely, however, that this lake may show signs of response to reduced input loadings on a
rather more rapid time scale.
It will be evident from an appreciation of the processes reviewed herein that the form
in which a chemical parameter is present in the aqueous environment is usually of much
significance from an impact viewpoint. If the nutrient elements and toxic compounds present in
the sediments are bound up in stable complexes within an ecosystem that does not require their
degradation for continued biologic productivity, such components can be considered as not
available to the biomass and hence, as long as conditions do not change in an adverse manner,
of limited environmental consequence. Nevertheless, a number of the chemical analyses that are
used to assess the presence in sediments of heavy metals and organic materials provide measures
of total concentrations only and yield little direct evidence of their availability for biochemical
activity. (See Section 5.1.3) It is for this reason, among others, that a site-specific approach to the
interpretation of chemical parameter tests on sediments that recognizes probable availability is
being recommended.
To assist in the better evaluation of such matters, a great deal of basic measurement
has been carried out in the Lakes in recent years. For classification purposes, each of the Lakes
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has been divided into a number of sub-basins each of which has been surveyed for both sediment
and water column characteristics. The water column is divided into three depth classifications
representative of littoral, medium and deep-lake zones, the dividing le below the surface. The
water in each layer is tested periodically for organic content, nutrients and a range of metal ions.
In addition, sediments representative of each of the depth zones are sampled by grab and core
methods and classified according to sediment size and a similar range of chemical parameters.
Data for each of the lakes except Michigan have been analysed to date by CClW. While these data
have been analysed for the sub-basins of each lake, only total-lake summaries are presented
herein as Table 4-1.
In addition, to indicate the spatial variations indicated by the foregoing, Figures 4-I to
4-N inclusive show bed-sediment concentrations of total phosphorous (as P305), total mercury and
organic carbon in Lakes Erie and Ontario from which it may be observed that natural background
levels at many locations are considerably higher than the criteria concentrations that have been
used in the past to classify dredged sediments as sufficiently polluted to be unfit for open-water
disposal (see further discussion in Section 5.1.3). It must be emphasised that the data presented
represent total concentrations of the noted parameters. The values do not necessarily bear any
relationship to the availability of such constituents for biochemical activity in the aqueous
environment.
4.3 BIOLOGICAL PROCESSES
The
prim
ary
prod
ucti
on o
f ph
ytop
lank
ton
may
be c
onsi
dere
d as
the
base
of th
e bio
logi
c
food
cha
in
whi
ch
sup
por
ts
mos
t o
ther
ani
mal
for
ms
dep
end
ent
on
the
aqua
tic
com
mun
ity
. F
or
simp
lici
ty i
t ma
y b
e qu
anti
fied
in t
erm
s of
the
chlo
roph
yll
a
con
ten
t v
a me
asu
re
of
the
gre
en
pig
men
t t
hat
is
asso
ciat
ed
with
acti
ve
plan
t p
hoto
synt
hesi
s.
Whi
le
suc
h
mea
sur
eme
nts
do
not
prov
ide
a di
rect
qual
itat
ive
ass
ess
men
t o
f t
he
desi
rabi
lity
of b
iom
ass
com
pos
iti
on
and
give
littl
e gu
ida
nce
on
wat
er
qual
ity,
they
can,
by
asso
ciat
ion,
yiel
d a
usef
ul
eva
lua
tio
n o
f s
pec
ies
dis
tri
buti
on.
Fig
ure
40
sum
mar
ize
s t
he
max
imu
m,
mea
n a
nd
min
imu
m
ave
rag
e b
asi
n w
ide
val
ues
of
chl
oro
phyl
l a
in e
ach
of t
he
Gre
at
Lak
es
dur
ing
the
ice-
free
per
iod
bas
ed
on
rec
ent
dat
a a
nd
illu
stra
tes
the
dif
fer
enc
es
in p
rim
ary
pro
duc
tio
n l
evel
s.
The
tro
phi
c s
cal
e u
sed
in
the
dia
gra
m h
as
bee
n s
ele
cte
d s
pec
ifi
cal
ly
for
the
se
dat
a.
Pri
mar
y
pro
duc
tiv
ity
is
dep
end
ent
upo
n
the
pre
sen
ce
of
ade
qua
te
sou
rce
s o
f t
he
nut
rie
nt
ele
men
ts
plu
s l
ight
, h
eat
, o
xyg
en
and
a r
ela
tiv
ely
low
lev
el
of
phy
sic
al
tur
bul
enc
e.
Thu
s
any
act
ivi
tie
s t
hat
aff
ect
the
se
phy
sic
al
and
che
mic
al
par
ame
ter
s a
ffe
ct
the
foo
d c
hai
n
and
pot
ent
ial
ly
the
ec
os
ys
te
m
bal
anc
e.
Th
e a
qua
tic
pla
nt
co
mm
un
it
ie
s a
lso
fo
rm
an
ear
ly
ste
p i
n t
he
pro
ces
s
of
bio
mag
nif
ica
tio
n.
Th
er
e
are
a
nu
mb
er
of
wel
l-
do
cum
en
te
d
ins
tan
ces
wh
er
e
con
cen
tra
tio
ns
of
the
hea
vy
met
als
(Hg
, A
s,
Pb,
Se)
an
d p
ers
ist
ent
org
ani
cs
ha
ve
be
en
au
gm
en
te
d
by
or
de
rs
of
ma
gn
it
ud
e
th
ro
ug
h
th
e
fo
od
ch
ai
n.
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 TABLE 4—1
SEDIMENT CHARACTERISTICS
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Microbiological processes can effect the methylation of such heavy metals as mercury
and lead and also play a significant role in the breakdown of organic materials. Under normal
aerobic conditions, bacteria degrade organic complexes so that the products can be reintroduced
into
the
living
biom
ass.
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provi
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s ade
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whitefish was the most valued and sought-after species during the early fishery in each of the four
other lakes. The lake trout was the second most valued species in all the lakes and bore the brunt
of increased fishing pressure as the supply of lake Whitefish declined.
Other species exploited
heavily in the early fishery were
the lake herring and
lake
sturgeon. Between 1879 and 1925, lake herring contributed more than half of the total annual
production from Lake Erie. Deepwater ciscoes were exploited heavily in Lakes Michigan, Huron
and Superior in 1925-35 and again at various times after 1950 following the decline of the lake
trout.
The
influence of modifications in the drainage
basins on the fish stocks of the Great
Lakes is difficult to define even though the effects were apparently major. Nearly all of the species
of fish of the Great Lakes are found in shallow water at some season or period of their life history.
The
sturgeon, which once spawned
in large numbers in marshes and tributaries, declined during
the
period
in which
these areas
were
being modified
by
land
drainage,
dams
and
pollution.
Although
intensive fishing
did much
to reduce the sturgeon
population,
the destruction of the
major
spawning
areas
was
undoubtedly
a
major
factor
in
preventing
the
recovery
of
the
populations.
The
Atlantic salmon
was
probably the most abundant
and valuable
species affected
by
drainage
changes.
The changes
that occurred
in the
tributaries to Lake Ontario
eventually
eliminated the suitable spawning habitat for the species, and led to its ultimate extinction in Lake
Ontario and the upper St. Lawrence River.
River—run lake trout, lake Whitefish, and
lake herring were common
in the Great Lakes
during
the
1800’s.
The
largest
runs
and
greatest
production
were
in the
rivers joining
Lakes
Huron,
St. Clair, and
Erie, but these populations disappeared by the early 1900’s. Major fisheries
were also based
upon
river-run Whitefish stocks in tributaries of Green
Bay, but they faded
away
quickly
during
the
logging
period
when
the
streams
carried
large
quantities
of
woody
allochthonous materials.
Three
marine
species
(alewife, sea
lamprey,
and
smelt)
have
successfully established
thriving populations
throughout
most
of the Great Lakes
since the
1800’s,
and
have contributed
to
major
disruptions
in the
fisheries. Establishment
of two
of these species,
the alewife and
sea
lamprey,
is related to modification of the drainage
basin and the tributaries. Thus, they represent
a secondary effect of the modification
of the environment
that has also had
a direct influence on
oligotrophic fish communities
of the Great Lakes. Such
modifications including the removal of the
forest, construction of mill dams
and
pollution altered the physical and
chemical conditions in the
streams and
the
littoral zones of the Lakes.
The
full
impact
of
cultural
eutrophication
was
not
felt
in
the
Great
lakes
until
the
mid-1900’s,
although
physical
and
chemical
changes
that occurred
in tributaries
entering
Lake
Ontario
were
major
factors
in
the
decline
of
the
Atlantic
salmon.
In
the
present
century,
oligotrophic
species
have
been
reduced
or
have
disappeared
during
periods
of
accelerated
changes
in
water
quality.
These
conditions
often
developed
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4.4 CULTURAL IMPACTS
Extensive development around the Great Lakes during the last century has clearly had
a very significant effect on their chemical and biological processes and, in assessing the
environmental impact of a dredging program, it is necessary to be aware of the overall trends in
water quality that have been promoted by such cultural factors. Unfortunately, reliable water
quality records are not available for the Great Lakes much before the late 1920's although a few
observations exist dating back to the turn of the century. Nevertheless, with the benefit of
considerable recent research involving analyses of lakebed sediment core samples, much useful
information on the past effects of cultural impact has been derived.
While the excavation and redistribution of uncontaminated sediments for navigation,
mining or other purposes may have some adverse environmental effects, the principal concern
herein is with the polluted materials that have to be removed periodically from busy shipping lanes
and commercial harbours. The dredging phase of such maintenance projects frequently improves
conditions at the site but disposal of the contaminated materials presents a potentially wide range
of concerns. Since the most convenient method of dredged material disposal is usually in open
water, as near as possible to the dredging location, a decision to dispose of the material elsewhere
involves an increase in costs that recent experience has shown can be very considerable.
Therefore, it is essential that the probable impacts of open-water disposal be as thoroughly
assessed as the state of knowledge will permit before a contrary decision is made. An appreciation
of trends in lake behaviour is necessary for such assessments.
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 The trophic state of a lake is maintained by continued inputs of nutrients. In very large
lakes, increased nutrient loadings affect first the near-shore environments and, depending upon
the morphology and morphometry, gradually influence the offshore waters. An acceleration in
nutrient supply, which can occur as a consequence of agricultural, industrial, and population
growth in the drainage basin, does not allow the system to come to equilibrium and results in the
symptoms of cultural eutrophication which are evident throughout the Great Lakes.
The term cultural eutrophication in a broad sense includes physical and chemical
changes that result from influences of human population growth and industrialization that are in
part natural, but which occur at much greater than natural rates, as well as from influences that
are artificial in that they would be unlikely to occur in the absence of a technological society.
The accelerated “natural” processes include increases in nutrients and turbidity, and
physical changes such as the loss of shallow areas, more often by drainage than by siltation.
Artificial processes include increases in water temperatures of tributaries, bays, and inshore
areas through changes in land use (primarily deforestation), massive introductions of heated
effluents, the discharge of synthesized chemicals (such as pesticides and plastics) or wastes of
chemical industries, and large quantities of metals and minerals that are products, or
by-products, of industrial processes and which enter the tributaries of lakes in amounts greater
than would normally erode or leach from the lake basins.
The drainage basins of Lakes Erie, Michigan and Ontario have been significantly
altered as a consequence of settlement and the effects are reflected in significant changes in the
environment and biota of the lakes. In a little over 200 years, the drainage basin of Lake Erie has
been completely altered from what was mostly wilderness populated by about 100,000 people to
a watershed used intensively for agriculture and industry in which the population had increased
by 1970 to approximately 12 million. Sufficient evidence has been accumulated to demonstrate
that all the Great Lakes, except Superior, have undergone measureable changes in the last 60
years.
Historic data indicate that on a lake-wide basis there has probably been very little
change in the nutrient content of Lake Superior since the turn of the century. The concentrations
of some industrial contaminants have increased but these are of only local significance. There is
some evidence to suggest that total nitrogen (nitrate plus ammonia) may have increased since
1906, but nitrate is probably not growth-limiting to phytoplankton in this Lake. The few core
samples which have beenobtained indicate slightly increased mercury concentrations during the
period 1945 to 1955.
Secchi-disc values for Lake Huron, based upon lake-wide means for July and August,
show a consistent decrease from 10 m in 1954 to 7 m in 1971. Diatom production has been
modified, coincident with a decrease in reactive silica concentrations over the same period, and
may result in their periodic replacement by other algal forms. There is also some evidence in Lake
Huron to support the view that nutrient concentrations began to rise in the early 1950’s and
lake-wide water quality data suggest that the biomass continues to respond to this increase.
Cultural impacts are most pronounced in the nearshore zones and Saginaw Bay is now considered
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 In Lake Erie the concentrations of organic carbon, and total nitrogen have shown slight
but continuing increases from the mid-1700’s until some time in the 19505. Total phosphorous
had also increased very slightly to about 1940. However, there appears to have been a marked
increase in total phosphorous concentrations after this date which correlates well with the rates
of dissolved oxygen depletion illustrated in Figure 4—P. Attendant with the increases in nutrient
elements are higher concentrations of such heavy metals as mercury, lead, copper, zinc and
cadmium, and such toxins as pesticides and herbicides. These increases have been particularly
marked since the early 1940’s.
The core data from Lake Ontario show similar trends, although, because of differing
local inputs to the Lake from the surrounding basin, response times are somewhat different. This
is particularly noticeable for the total phosphorous data. The mercury content of core samples as
is illustrated in Figure 4-Q also indicates that industrial and municipal impacts in Lake Ontario
have been mounting steadily since about 1914.
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5.0
ENGINEERING,
ECONOMIC
& ENVIRONMENTAL ASPECTS
5.1 CLASSIFICATION OF SEDIMENTARY DEPOSITS AND
DREDGED MATERIALS
A substantial accumulation of practical knowledge concerning the bottom sedimentary
materials along the shorelines and in the ports and harbours of the Great Lakes has been obtained
through dredging activities in the past. Much reliance is placed on this experience both by
government agencies and dredging contractors when selecting plant for proposed operations.
Unfortunately, this practical experience is largely unrecorded; such records as have been kept
allow for only a crude interpretation of the physical, engineering and environmental
considerations that relate to dredging projects.
It is apparent from a review of traditional practices that the comparative freedom of
choice to dispose of dredged materials in open water prior to the 1970’s in the Great Lakes has
not imposed any rigorous requirements for precise definition of the sediment characteristics. Only
when the primary purposes for dredging have been the creation of a landfill, beach nourishment
or aggregate mining, have borrowed materials been selected on the basis of their physical and
engineering properties. Nevertheless, classification in such terms would provide a consistent basis
for behaviour evaluation during both dredging and open-water dumping as well as for land
disposal. As this report emphasises, the potential pollution hazards due to dredging are related
to the physical characteristics of the sediment as well as to its biological and chemical properties.
The environmental aspects can only be reviewed satisfactorily when information on all such
relationships is available.
5.1.1 Physical Classification
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 intense hazards in the aquatic environment. Since they settle rapidly even under conditions of
moderate current energy, their aggregate performance when disposed in open water is
predictable.
The behaviour of sediments which contain significant amounts of fine and very
fine-grained soils is, however, quite different from those of the coarse-grained materials. Such
soils contain adsorption complexes attached to the individual grains that can occupy a major part
of the void space within the soil matrix. The physical properties of those soils are largely
determined by the nature of this adsorbed layer.
“Fine-grained soils” consist of silts ranging in size between 0.06 mm and 2.0 pm. i
“Very fine-grained soils” are clays of less than 2 pm particle size. Soil particles which are so
small that surface activity has an appreciable influence upon their properties are said to be
colloidal. Since the intensity of surface activity varies with the substance, the upper limit of size
for colloidal particles is not constant but ranges between 2.0 and 0.1 pm. Since it is the clay
materials that are by far the most active, the upper limit of colloidal size is usually considered to
be the upper grain-size limit for the clay soil fraction.
It is well established that most chemical complexes that could contain pollutants of
concern in the aquatic environment are bound as adsorption layers to the fine-grained particles
(clay minerals, hydroxides and organic carbon particles) within a sediment. The complex is held
together by ionic attraction, with the particles usually carrying negative charges and positive
hydrogen ions provided from the surrounding water. Certain clay minerals carry positive charges
so that in a given sediment both anionic and cationic adsorption sites usually exist. Such fine and
very fine-grained soil particles tend to remain in suspension under modest energy currents and
once settled can be readily resuspended. Wave energy and circulation patterns continually re-sort
such sediments within the littoral zone, gradually transferring them into the deeper water
areas.
The intensity and movement of turbidity clouds that are associated with dredging
activities are the most readily observed indications of the bottom dispersion of contaminants.
Trace-element monitoring can be used to provide direct evidence of such effects, but, to date,
limited observations of this phenomenon have been performed. Except in those instances where
trace elements have been deliberately injected to plot current patterns, the recorded data are
rather indeterminate. Thus to provide a sound basis for establishing criteria that would be
indicative of unacceptable levels of turbidity, more extensive, specific field observations are
required. Such observations should be supported by a consistent classification of the materials
being dredged or dumped so that predictions of probable turbidity levels for future situations
could be developed.
The foregoing is established from geotechnical considerations. It should be noted that lacustrine sedimentologists
have adopted 8¢ (approximately 4 lug) as the lower limit of the silt fraction. They utilize a Phi scale for
sediment grading in which ¢ = .Iogz (diameter in mm). For examples, see Figures 4-C and 4-F.
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A comprehensive basis for classification of soils has evolved through research in the
geotechnical field and it is recommended that such classification be applied to dredging activities.
(See Section 6.2.) As a primary basis for evaluation of environmental concerns and to provide for
comparison of dredging projects, it is recommended that, in all cases when samples of bottom
sediments are taken, a grain-size distribution analysis should be made as a minimum
determination of physical characteristics.
5.1.2 Engineering Classification
Engineering properties of soils are defined by such characteristics as cohesion, shear
strength, permeability, consolidation and other strength-related parameters. Parameter values
are determined by field and laboratory tests and applied in the design of structural foundations
and embankments. In relation to dredging operations, the shear strength and cohesion of bottom
sediments in-situ may determine the choice of appropriate dredging plant. Suitability ofthe
various types of plant for excavation in different sediments is discussed in Section 3.3.
Coarse-grained materials, when in a cohesionless state, have properties that are
essentially dependent on the mechanical characteristics of the soil grains themselves. ln-situ tests
and experience will generally suffice for prediction of behaviour during excavation and following
disposal. The strength properties of naturally-cemented cohesive sediments on the other hand
depends on the nature of the bonding. Fine-grained and very fine-grained soils properties are
closely related to their chemical composition. The behaviour of natural sediments which contain
significant amounts of silts and clays will be modified by the characteristics of these fine
constituents. Testing programs to determine the engineering properties of such materials need to
be considerably more elaborate than for coarse-grained soils.
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dredging site may allow for intermittent layering of fine-grained soils with sandy materials to
improve internal drainage and increase the rate of reconsolidation.
Most such landfills are likely to be filled with a dredged soil slurry, pumped either
directly from the dredge, from scows or hopper vessels. Over the short-term the supernatant flow
will include the interstitial waters from the soil complexes and may require substantial detention
time, not only to permit settlement of suspended solids but also to provide for biologic reduction
of organic materials to acceptable levels before return to the lake. Where unusually heavy
concentrations of organics, nutrients or toxic metals are present in the supernatant flows, or in
leachate drainage, it may be necessary to consider specific treatment before permitting drainage
return to a watercourse.
A decision to transfer contaminated sediments from a subaqueous environment to a
confined terrestrial site should not simply result in relocation of the problem. The reason for
disposal of dredged materials within a confined landfill, from the viewpoint of pollution
abatement, is to create a permanent storage site which inhibits the migration of various elements
to the groundwater and prevents their return to the lacustrine environment. In such instances it
should also be recognized that the design should not simply result in creation of a sump but rather
attempt to make the best use of available materials and engineering knowledge to achieve a
facility which can be of some future use to the community. It behoves those concerned to improve
each site within the limitations imposed by the materials at hand.
5.1.3 Biological and Chemical Classification
A characterization of bottom sediments as to their degree of pollution has, during
recent years, been made on the basis of a limited number of tests adapted from technology
developed for the water supply and sewage treatment fields. Pollution hazards have been inferred
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utilizing criteria originally adopted by the EPA’s predecessor agency. These criteria, used in the
United States and Canada, are reproduced herein as Table 51.
TABLE 5—1
Criteria of Acceptability for Open—water Disposal of Dredged Materials
Maximum permissible concentration
Parameter Canada United States
(all values are shown as mg/kg dry
weight basis)
Volatile Solids 60,000 60,000
(Loss on ignition at 600'C)
Chemical Oxygen Demand 50,000 50,000
Total (Kieldahl) Nitrogen(as N) 2,000 1,000
Total Phosphorus (as P) 1,000 —
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Since it is evident that such arbitrary values bear little relationship to environmental
processes and have not been correlated with perceived impact effects, the Working Group has
concluded that application of the current criteria as the basis for determining the pollution status
of bottom sediments and the use of an individual parameter as sole criterion for determination
of acceptable disposal practices is inappropriate.
It is, therefore, recommended that the characteristics of bottom materials to be
dredged, and of bottom sediments at proposed open-water disposal sites, be determined from
current state-of-thevart technology and to the greatest extent possible provide indications of
chemical constituents and other parameters in terms of their availability to the ecosystem.
Moreover, it is recommended that determinations be made not only from samples of the materials
scheduled for removal but also, where appropriate, from samples representative of natural
background levels at proposed disposal sites in accordance with the environmental sampling
requirements discussed in Section 5.2.
If, as discussed in Chapter 7, the recommendations of the Working Group concerning
programming and planning of dredging activities provide for a much greater lead time, there will
be opportunity to place more reliance upon bioassays in which conditions more representative of
the natural environment can be simulated. Such testing provides a direct means of determining
threshold lethal concentrations and for evaluation of sub‘lethal concentrations affecting species
physiology, growth and reproduction. These impacts can then be related more directly to the
availability ofcontaminants estimated from site sampling.
At the time of preparing this report, it is recognized that the research initiated in the
Dredged Material Research Program by the Corps of Engineers, broad studies of the Great Lakes
limnology, sedimentology and lacustrine processes in progress at the Canada Centre for Inland
Waters as well as research by other organizations will define more rigorously the complex nature
of chemical and biological reactions which occur in natural water environments. The extent of
current research activities bearing upon the problems of dredging and environmental protection
in the United States and Canada is summarized in Appendix C. As results of the investigations
accumulate, somewhat simpler indicative tests may be developed which will correlate
satisfactorily with experience data. The Working Group is of the view that environmental
protection will best be served by sitevspecific project evaluations, placing reliance upon the
professional judgement of qualified investigators.
5.2 ENVIRONMENTAL SAMPLING
Sampling of bottom sediments and the overlying water column at the sites of dredging
and open water dumping operations for environmental purposes will usually be required in
advance of project operations. Additional sampling may also be required during the operations
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and afterwards when it is intended to monitor and assess the effects of the dredging and disposal
actiVIties on the local environment.
Sampling
undertaken
before
dredging
and/or
sediment
disposal
is
intended
to
describe
the significant engineering,
physical,
chemical
and
biological characteristics of the
material being excavated at the proposed disposal site. This information will be evaluated during
the process of environmental impact assessment and interpreted in the light of local background
conditions and previously documented experience. Determinations of acceptable projects will be
made
in conformity with the applicable guidelines and criteria of Chapter 6. From such data
comparisons on a site-specific basis, it is intended to identify and encourage utilization of the
beneficial aspects of a dredging project and at the same time minimize its deleterious impacts.
Samples collected during and after the operation of dredging or disposal activities will
be primarily intended to monitor the conduct and medium- to long-term environmental effects of
the project. Such documentation will se develop a record of relevant experience and may also
contribute to the ex post facto evaluation of the effectiveness of environmental control
programs.
It is important to recognize that in carrying out an environmental impact assessment
for a dredging project, absolute values representative of the chemical and biological parameters
of concern are almost impossible to obtain. Furthermore, because of the complex and synergistic
relationships which exist between the many variables that characterize a dredging or disposal site,
such absolute values may not be very meaningful. Parameter values must be interpreted
according to their relative importance on a site-specific basis. Within this limitation a sampling
program should be planned with three basic considerations in mind; changes with respect to time,
spatial variations as well as sampling, processing and analytical procedures. It is of particular
importance that the sampling program be related to the scope of the dredging project to be
undertaken. Review of recent dredging projects suggests that generally insufficient samples have
been obtained to facilitate good decision making with respect to disposal practices. The high cost
of onland disposal sites for the containment of contaminated sediments demands that the
pre-project sampling program be designed to categorize as closely as possible the nature of the
sediments to be excavated and their in~situ variability as well as the site characteristics of
proposed disposal sites.
5.2.1 Sampling Program Design
In view of the foregoing, it may be anticipated that in many cases a staged program
of sampling would be preferable; the initial samplings being designed to provide a general
classification of the environmental concerns at both dredging and disposal sites and subsequent
phases planned to more closely identify specific concerns and variations where such are likely to
affect the costs of project alternatives.
-83-
 
 For
mos
t p
roje
cts
it wi
ll b
e n
ece
ssa
ry t
o s
amp
le
bot
h th
e s
edi
men
ts
to b
e ex
cav
ate
d
and
the
over
lyin
g wa
ter
col
umn
in t
he d
red
gin
g ar
ea,
and
the
sed
ime
nts
to b
e bl
ank
ete
d at
the
dis
pos
al
site
whe
re
ope
n—w
ate
r d
ump
ing
is e
xpe
cte
d t
o b
e p
erm
itt
ed.
Ade
qua
te
clas
sifi
cati
on
of
exis
ting
cond
itio
ns a
t ea
ch o
f th
ese
loca
tion
s re
quir
es t
hat
cha
nge
s ov
er t
ime
be r
eco
gni
zed
and
bot
h v
ert
ica
l a
nd
hor
izo
nta
l s
pac
e v
ari
ati
ons
obs
erv
ed.
The
phys
ical
, c
hem
ica
l a
nd
biol
ogic
al c
hara
cter
isti
cs
at d
red
gin
g a
nd
disp
osal
site
s
with
in t
he G
reat
Lake
s ba
sin c
an b
e ex
pect
ed t
o ch
ange
on a
seas
onal
basi
s. A
mpl
e ev
iden
ce e
xists
to s
how
that
fluc
tuat
ions
occ
ur f
rom
one
sea
son
to a
not
her
in w
ate
r le
vel
and
disc
harg
e, n
utri
ent
conc
entr
atio
ns,
tem
per
atu
re,
diss
olve
d ox
yge
n c
onc
ent
rat
ion
and
bot
tom
sed
ime
nt
dist
ribu
tion
,
part
icul
arly
in t
he l
ittor
al z
ones
of t
he L
akes
. Th
e ti
ming
of s
ampl
ing
prog
rams
is th
eref
ore
extr
emel
y im
port
ant.
Samp
ling
befo
re t
he e
vent
shou
ld b
e co
mple
ted
as c
lose
as p
ossi
ble
to t
he
actu
al o
pera
tion
or a
t a
com
par
abl
e t
ime
peri
od t
he p
revi
ous
year
if su
ch
adv
anc
ed
pla
nni
ng i
s
poss
ible
. In
the
latt
er e
ven
t it
wou
ld
be m
ost
desi
rabl
e to
und
ert
ake
a se
lect
ive
sam
pli
ng p
rog
ram
imme
diat
ely
prio
r to
the
dred
ging
oper
atio
n to
ensu
re t
hat
the
asse
ssme
nt b
ased
on p
revi
ous
samp
le
resu
lts
rema
ins
valid
. Sa
mpli
ng p
rogr
ams
shou
ld a
lso
be
adju
sted
in t
ime
to a
void
anom
alou
s c
ondi
tion
s su
ch a
s im
pose
d b
y st
orms
or u
nusu
al
algal
bloo
ms
if th
ese
are
not
exp
ect
ed
to b
e ty
pica
l of
cond
itio
ns
und
er w
hic
h t
he d
red
gin
g p
roje
ct i
s to
be c
arri
ed o
ut.
Phys
ical
, ch
emic
al a
nd
biolo
gical
char
acte
rist
ics
of a
dred
ging
or d
ispo
sal
site
may
vary
both
verti
cally
and
hori
zont
ally
but,
with
in t
he c
onfi
nes
of a
site-
speci
fic
samp
ling
stud
y,
wat
er q
uali
ty g
ener
ally
ten
ds t
o s
how
rath
er l
ess
vari
atio
n th
an
bot
tom
sed
ime
nt
qual
ity.
Alt
hou
gh,
in a
rela
tive
ly h
omo
gen
eou
s ar
ea,
repr
esen
tati
ve s
amp
les
coul
d be
obt
ain
ed
by a
ran
dom
samp
ling
appr
oach
, a
mor
e re
gula
rly d
efin
ed p
atte
rn i
s pre
fera
ble
for d
eter
mina
tion
of u
nkn
own
hori
zont
al v
aria
tion
s. S
ince
, for
conv
enie
nce,
wate
r sa
mple
s ar
e us
uall
y ob
tain
ed a
t
the
sam
e pl
an l
ocat
ion
as t
he b
otto
m se
dime
nt s
ampl
es,
requ
irem
ents
appr
opri
ate
to t
he l
atter
usua
lly
cont
rol
the
desi
gn o
f a
samp
le n
etwo
rk.
Samp
ling
netw
orks
or g
rids
for
envi
ronm
enta
l
ass
ess
men
t p
urp
ose
s ge
nera
lly
fall
into
one
of f
ive
cate
gori
es,
viz:
i) R
and
om
sam
pli
ng
—usu
ally
only
suit
able
for
prel
imin
ary
studies.
ii) R
egul
arly
spac
ed
—wid
ely
used
as a
gene
ral
purp
ose
tech
niqu
e
grid
sam
pli
ng
alt
hou
gh
not
nece
ssar
ily
the
mos
t e
ffec
tive
approach since the sampling density remains
uniform throughout the sample area.
iii) Concentric or —beneficial|y used in situations of
radiating grid point—source effects where sample spacing
sampling can be varied to permit resolution of a
diffusion gradient.
iv) Transverse —used particularly to present information
grid sampling for the purposes of profile display;
gridlines can be equally or unequally
-84-
spaced
to
suit
conditions
such
as
those
in
flowing
water
situations
where
repeat
samplings
are
used
to
generate
a
time—
series of results.
v)
Selected
spot
—used
to
identify
specific
individual
site
samplings
characteristics
representing
locally
important
situations,
to
provide
background
data,
and
to
monitor
for
anomalies
on
a
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5.2.2 Sampling Procedures
A
wide
range of sampling equipment
suitable for water,
sediments
and
the biota has
been
developed
over the last hundred years primarily in response to research requirements. Each
piece of equipment
has
unique characteristics and
no single item can
be
expected
to serve all
purposes.
The detailed design of a sampling program is in fact a skilled task and it is particularly
desirable in each case that the sampling and analysis techniques adopted be selected with a view
to providing only sufficiently meaningful results to facilitate decision making.
In general terms it is not possible to state the number of samples that may be required
to adequately categorize the water column or sediment mass being investigated. However, if it is
desirable to apply statistical analysis to the sample data then experience suggests that, in most
work
dealing with Great Lakes situations, a coefficient of between
10 and 20 percent,
incorporating both spatial and analytical errors, can be considered acceptable.T
5.2.2.1 Sampling of the Water Column
When sampling the water column overlying the sediments to be dredged or those to
be blanketed in a disposal area, the seasonal variations must be fully recognized. lf isothermal
conditions exist, the vertical component may be adequately described using depth-integrated
samples whereas if the dredging is to take place during a period of thermal stratification it will
likely be necessary to sample the epilimnion and hypolimnion waters separately. Some sampling
techniques permit measurement of certain parameters in-situ whilst others necessitate
T P.G. Sly “Statistical Evaluation of Recent Sediment Geochemical Sampling” to be presented at the Ninth
International Congress of Sedimentology, Nice, France, 1975.
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re
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i P.G. Sly. op cit.
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 In new work projects it will occasionally be necessary to sample consolidated
sediments and even to locate the depth to bedrock. Low frequency acoustic profiling or seismic
reflection profiling methods may be useful for general definition of substrata formations but if it
is necessary to obtain samples regular exploratory drilling practices will have to be employed.
5.3 SOCIO-ECONOMIC CONSIDERATIONS
The Great Lakes basin and its immediate surrounds is one of the more important
economic areas of the world. With a 1970 population of about 35 million, the Basin is a centre for
heavy industries including steel, chemicals, paper, food products, machinery, transportation
equipment and general metal products. Production of steel, for example, is some forty percent of
the US. output and eighty percent of the Canadian production. The area is characterized by a very
high level of urbanization. Service activities have become a major source of employment and
income in addition to the manufacturing industries. Primary activities, particularly mining,
forestry and farming continue to be of major importance within the Basin.
5.3.1 Economic Effects of Dredging
Dred
ging
is a
serv
ice
activ
ity
unde
rtak
en t
o su
ppor
t ot
her
activ
ities
. Re
fere
nce
to
Sect
ion
3.2,
indi
cate
s th
at o
f th
e av
erag
e 9.
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lion
m3dr
edge
d an
nual
ly f
rom
the
Grea
t La
kes,
mor
e t
han
90
perc
ent
of t
he w
ork
is u
nder
take
n p
rima
rily
in t
he i
nter
ests
of c
omme
rcia
l
navigation.
5.3.1.1 Navigation
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at
Lak
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in
ser
ved
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com
mer
cia
l s
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pin
g.
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se,
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rty
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cur
ren
tly
mai
nta
ine
d a
t a
mi
ni
mu
m
dep
th
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8.2
m,
(27
fee
t)
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rul
ing
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th
th
ro
ugh
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the
sys
tem
.
Im
pr
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d
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t
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for
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lud
ing
the
We
ll
an
d
Ca
na
l
an
d
th
e
St.
La
wr
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Se
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ay
,
tot
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25
0
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.
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e
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s
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21
5
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n
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h
ab
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t
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3
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n t
on
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s
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e
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pm
en
t
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fo
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mm
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iro
n
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e,
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al
,
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me
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e
an
d
gr
ai
n.
Th
e
di
st
ri
bu
ti
on
be
tw
ee
n
co
mm
od
it
ie
s
in
th
e
ye
ar
19
70
wa
s
as
shown in Table 5-2.
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 TABLE 5—2
Wat
erb
orn
e
Co
mm
er
ce
— G
rea
t
Lak
es
—
St.
Law
ren
ce
Sys
tem
,
197
0
Co
mm
od
it
y
To
nn
ag
e
10% net
Iro
n o
re
85
Co
al
45
Lim
est
one
33
Grain .39
183
Oth
er
25
Ove
rse
as
gen
era
l c
arg
o
7
215
(So
urc
e:
Reg
ula
tio
n
of
Gre
at
Lak
es
Wat
er
Lev
els
,
Int
ern
ati
ona
l
Great Lakes Level Board, December 1973).
App
rox
ima
tel
y 2
75
vess
els
wer
e u
sed
to s
hip
the
four
maj
or
com
mod
iti
es
at a
cost
of
abo
ut
$34
0 m
ill
ion
in 1
970
. T
o t
ran
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rt
a s
imi
lar
qua
nti
ty
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se
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e c
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n 1
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t $
460
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e c
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e c
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0/m
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l c
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l c
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n p
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n c
oul
d b
e e
sti
mat
ed
by
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efi
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all
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l d
red
gin
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roje
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How
eve
r,
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efi
t-c
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estimates have been prepared for only a few projects.
Tha
t t
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over
all
dir
ect
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efi
ts
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sub
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Lak
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, f
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hat
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he
rul
ing
dep
th
of m
ajo
r c
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nel
s
in t
he L
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s a
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e (e
xclu
ding
the
St.
Law
ren
ce
Sea
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Wel
lan
d C
ana
l) f
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pre
sen
t
8.2
m t
o 9.
1 m
wou
ld
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n a
6.5
perc
ent
redu
ctio
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ping
cost
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199
5 on
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oun
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r m
ajo
r c
omm
odi
tie
s a
lon
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ship
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per
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ses
of s
hips
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entl
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serv
ice
in t
he G
rea
t La
kes
and
Sea
way
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are
illu
stra
ted
in T
abl
e
5-3.
T op.cit, Table 5-2.
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 TABLE 5—3
Cost of Operation Per Day Per Capacity Ton (2000 lbs.)
(Estimated 1975 cost in cents)
Ruling depth, metres
 
Class of vessel 9.1 8.8 8.5 8.2 7.9 7.6 7.3 7.0 6.7, 6.4 6.1
4 78 78 78 78 78 78 78 78 82 87 92
5 60 60 60 6O 60 60 63 67 71 75 80
6 48 48 48 48 51 55 58 61 65 70 75
7 4O 4O 42 44 46 48 53 56 61 65 71
Notes:
i) Costs of operation for 1975 have been approximated by
extrapolation from the original data.
ii) Assumed freeboard is 0.46 metres under all vessels.
iii) Assumed operating season is eight months.
iv) Vessel characteristics are those of U.S. vessels used
in the iron ore trade as follows:
Class of Max. Capacity Draft at Average
Vessel Max. Capacity Speed
(short tons) m. k.p.h.
4 12,500 6.5 26
5 17,200 7.1 26
6
22,
800
7.8
26
7 27,200 8. 26
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Gre
at
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Boa
rd,
(op
,ci
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e o
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con
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ra
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e r
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c
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ra
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ra
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ra
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c
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d
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is
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n
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d/
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c
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ra
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.
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 The
effe
cts
of s
uch
read
just
ment
s on
part
icul
ar a
ctivi
ties
and
comm
unit
ies
shou
ld b
e ev
alua
ted
care
full
y as
part
of t
he
bene
fit-
cost
com
par
iso
n of
proj
ect
alte
rnat
ives
.
Never
thele
ss,
most
dredg
ing w
ill c
ontin
ue an
d ma
y ev
en b
e inc
rease
d wh
enev
er t
he
overa
ll n
et b
enef
it t
o be
obta
ined
justi
fies
a hi
gher
cost
to i
nclu
de t
he c
ontr
ol o
f en
viro
nmen
tal
effec
ts.
Such
extr
a co
sts
can
be h
igh.
Depo
sit
of d
redg
ed m
ater
ial
in se
lect
ed a
reas
remo
te f
rom
the
dred
ging
site
unde
r co
ntro
lled
cond
itio
ns m
ay
add
from
$2 t
o $5
per
mlt
o th
e co
st o
f th
e
dred
ging
proje
ct. T
o th
is in
crea
se m
ust
be a
dded
the
cost
of p
repa
ring
or c
onst
ruct
ing
the
disp
osal
site.
The
prop
osed
disp
osal
facil
ity a
t Po
inte
Moui
llee
, for
exam
ple,
is es
tima
ted
to co
st a
bout
$36
milli
on a
nd w
ould
be us
ed to
dispo
se of
some
14 mi
llion
m3of
dred
ged
mater
ial o
ver a
ten»y
ear
peri
od.‘
Over
and
abov
e th
e ca
pita
l in
vest
ment
for t
his
disp
osal
facil
ity,
the
COE
esti
mate
s th
at
extr
a tr
ansp
ort
dist
ance
s fr
om d
redg
ing
area
s to
Poin
te M
ouil
lee
incr
ease
the
dred
ging
cost
by
from $1 to $3 per m ‘.
Such
addit
ional
costs
of dr
edgin
g are
curre
ntly
finan
ced f
rom g
enera
l fun
ds so
that
the
econ
omic
effec
t in
the L
akes’
regio
n is
minim
al. T
his f
orm o
f fin
ancin
g is e
quiva
lent
to a
subsi
dy
on shipping costs in the Great Lakes.
If, on the other hand, such additional costs were to be charged in the form of levies to
shipp
ing i
n the
Lake
s in g
enera
l, or
to th
ose v
essel
s whi
ch m
ake
use o
f the
chan
nels
and
harb
ours
wher
e ext
ra dr
edgi
ng co
sts a
re in
curre
d for
envir
onmen
tal
prote
ction
, the
direc
t eco
nomi
c eff
ects
woul
d be
to ca
use a
n inc
rease
in sh
ippin
g cos
ts ei
ther
thro
ugho
ut th
e Bas
in or
withi
n par
ticul
ar
sub-areas.
5.3.1.2 Mining and Land Reclamation
Dredging of some 970,000 m ‘, or just over 10 percent of the total annual volume in the
Great Lakes, is carried out for mining and land reclamation purposes but of this total only a very
small quantity is borrowed for the creation of new land. Most such mining is for supply of
construction materials which consist generally of aggregate-quality sands. Since construction
materials are an essential requirement, a restriction on the overall amount of dredging for this
purpose would result in a shift to already limited land-based sources at higher economic and
environmental costs. A project-by project consideration of dredging as a mining activity should
include an evaluation of all costs, economic and environmental, of acquiring similar materials
from alternative sources.
‘3'
Confined Disposal Facility at Pointe Mouillee for Detroit and Rouge Rivers, Final Environmental Impact Statement
US Army Engineer District, Detroit, Michigan, March 1974.
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5.3.1.3 Fishing and Recreation
Dredging for fishing and recreation purposes is of minor overall significance. It
consists mainly of maintenance dredging in commercial fishery harbours, capital dredging for the
construction of new marinas and rehabilitation of old harbours for recreational purposes.
Commercial fishing in the Great Lakes basin remains a locally significant economic
activity. However, during this century, and particularly over the last twenty years, major changes
have occurred in the fishery resources of the Lakes. Fish considered to be prime species such as
lake trout, lake herring, Whitefish and walleye have suffered near extinction or at least a
significant reduction in abundance while other species, such as smelt and alewives have thrived.
Identified causes for such changes include overfishing, the invasion of sea lamprey and alewives,
introductions such as smelt, changes in land drainage and pollution. It is impossible to determine
how much of the overall change is due to pollution alone. It is similarly impossible to quantify the
effects of environmental changes imposed by dredging on the fish population.
U.S. commercial fishermen harvested 50.6 million kg from the Lakes in 1973 with a
value of $17.6 million. Comparable Canadian figures are 21.9 million kg with a value of $9.2
million.
Since only a few of the regular fishing harbours now in use require maintenance
dredging, any reduction of dredging activities would have a minor effect on commercial fishing.
Recreation is an activity of great significance in the Great Lakes basin. An approximate
estimate of the value of production of the tourist industry in recent years amounts to $1 billion.
Some indication of the extent of recreational use may be derived from recent estimates of Ontario
sports fishing which indicate some nine million angler-days were spent on the Great Lakes and
connecting channels in 1970, and accounted for expenditures of about $60 million.
Most of the dredging undertaken in support of the recreation industry is required for
the creation of new marinas and harbours of refuge. A reduction in dredging activities for this
purpose could result in a slower expansion of facilities and in a shift to areas which do not require
dredging. Some maintenance dredging is undertaken in public harbours which have beenmade
suita
ble f
or re
creat
ional
boati
ng. R
ecrea
tion
activi
ties i
n a n
umbe
r of
these
harbo
urs c
ould
suffe
r
from restrictions on dredging.
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e
an
y
ch
an
ge
s
in
th
ei
r
we
lf
ar
e
do
no
t
af
fe
ct
th
e
de
ci
si
on
-m
ak
in
g
un
it
. T
he
ex
te
rn
al
ef
fe
ct
s
of
a
pa
rt
ic
ul
ar
pr
oj
ec
t
ca
n
be
ma
ny
an
d
va
ri
ed
an
d
co
ns
is
t
pa
rt
ly
of
de
ri
ve
d
ec
on
om
ic
an
d
so
ci
al
ef
fe
ct
s
as
di
sc
us
se
d
in
th
e
pr
ec
ed
in
g
pa
ra
gr
ap
h.
Th
e
ef
fe
ct
s
ca
n
co
ns
is
t
of
be
ne
fi
ts
an
d
of
co
st
s
ei
th
er
or
bo
th
of
wh
ic
h
ra
re
ly
ac
cr
ue
to
th
e
sa
me
pe
op
le
in
th
e
sa
me
pr
op
or
ti
on
s.
Ec
on
om
ic
ex
te
rn
al
be
ne
fi
ts
fr
om
dr
ed
gi
ng
for
na
vi
ga
ti
on
al
pu
rp
os
es
wil
l
ac
cr
ue
,
for
ex
am
pl
e,
to
all
co
ns
um
er
s
wh
o
ca
n
bu
y a
nu
mb
er
of
co
mm
od
it
ie
s
at
a l
owe
r p
ric
e b
ec
au
se
of
th
e
de
cr
ea
se
in
co
st
of
tr
an
sp
or
ta
ti
on
on
th
e G
re
at
La
ke
s.
Ma
ny
of
th
es
e
co
ns
um
er
s
ma
y
liv
e a
t g
re
at
di
st
an
ce
fr
om
th
e
Gr
ea
t
La
ke
s
ba
si
n
an
d
ar
e
no
t
ot
he
rw
is
e
aff
ect
ed
by
dr
ed
gi
ng
in
th
e
are
a.
Em
pl
oy
me
nt
cr
ea
te
d
in
th
e
dr
ed
gi
ng
ind
ust
ry,
in
th
e
sh
ip
pi
ng
in
du
st
ry
an
d
in
ind
ust
rie
s
tha
t
ma
ke
us
e
of
wa
te
r
tr
an
sp
or
t
ma
y
be
co
ns
id
er
ed
as
a
ben
efi
t
of
dr
ed
gi
ng
for
nav
iga
tio
n.
Th
e
in
cr
ea
se
d
em
pl
oy
me
nt
in
th
e a
re
a
res
ult
s i
n a
n
in
cr
ea
se
d
po
pu
la
ti
on
de
ns
it
y w
hi
ch
ma
y
be
fel
t
as
a n
eg
at
iv
e e
ffe
ct
by
ot
he
r i
nh
ab
it
an
ts
of
th
e a
rea
. S
uc
h
an
ext
er
na
l c
os
t
is
rea
l b
ut
dif
fic
ult
to
quantify.
Be
ne
fi
ts
of
a r
ecr
eat
ion
al
na
tu
re
ac
cr
ue
to
all
pe
op
le
wh
o
us
e
a b
oa
t
for
rec
rea
tio
nal
pu
rp
os
es
an
d w
ho
wil
l m
ak
e
us
e o
f a
ne
w m
ar
in
a.
Ext
ern
al
rec
rea
tio
nal
ben
efi
ts
of
th
e n
ew
ma
ri
na
ma
y
ac
cr
ue
to
thi
rd
par
tie
s,
for
ex
am
pl
e t
ho
se
wh
o
lik
e t
o w
at
ch
th
e b
oa
ts
fr
om
th
e s
hor
e.
Ext
ern
al
cos
ts
ma
y
ac
cr
ue
to
ot
he
rs
wh
o
fee
l t
hat
bo
at
s
int
erf
ere
wi
th
the
ir
rec
rea
tio
nal
us
e
of
th
e w
at
er
-92-
 bod
ies
and
eve
n t
o o
ther
boat
user
s w
hos
e e
njo
yme
nt
is r
edu
ced
by
the
addi
tion
of m
ore
boats.
Envi
ronm
enta
l e
ffec
ts c
ause
d by
dred
ging
in t
he G
reat
Lake
s ha
ve m
ost
of t
he
char
acte
rist
ics
of
suc
h e
xter
nal
effe
cts.
The
y a
re
freq
uent
ly
diff
icul
t t
o d
efin
e a
nd
whe
n
det
erm
ine
d a
re d
iffi
cult
to q
uant
ify.
The
sam
e ef
fect
s ar
e ex
per
ien
ced
as b
enef
its
by s
ome
peop
le
and
as
cos
ts
by
oth
ers
and
a s
imp
le
com
par
iso
n o
f b
ene
fit
s a
nd
cos
ts
may
be
imp
oss
ibl
e.
Sec
ond
ary
ben
efi
ts
and
cos
ts
may
acc
rue
to
man
y p
eop
le
livi
ng
out
sid
e t
he
bou
nda
rie
s o
f t
he
jurisdiction in which the dredging finds place.
5.
3.
4
Pr
in
ci
pl
es
of
Ev
al
ua
ti
on
of
Dr
ed
gi
ng
Pr
oj
ec
ts
Si
nc
e b
ot
h t
he
dir
ect
an
d
der
ive
d e
co
no
mi
c e
ffe
cts
an
d t
he
ext
ern
al
eff
ect
s o
f d
re
dg
in
g
var
y g
rea
tly
fr
om
pro
jec
t t
o p
roj
ect
, i
t i
s u
nde
sir
abl
e a
nd
eve
n
imp
oss
ibl
e,
to
for
mul
ate
gen
era
l
ru
le
s
ap
pl
ic
ab
le
to
dr
ed
gi
ng
pro
jec
ts.
An
at
te
mp
t
sh
ou
ld
be
ma
de
to
es
ti
ma
te
th
e
di
re
ct
be
ne
fi
ts
an
d
co
st
s
ap
pl
ic
ab
le
to
ea
ch
pr
oj
ec
t
an
d
to
ev
al
ua
te
th
e
de
ri
ve
d
ec
on
om
ic
eff
ect
s
of
th
e
pr
oj
ec
t
as
co
mp
ar
ed
to
fe
as
ib
le
al
te
rn
at
iv
es
or
no
t d
re
dg
in
g
at
all
. C
on
si
de
ra
ti
on
sh
ou
ld
al
so
be
gi
ve
n t
o
ex
te
rn
al
ef
fe
ct
s,
in
cl
ud
in
g t
he
ag
gr
eg
at
e
en
vi
ro
nm
en
ta
l
as
pe
ct
s
as
di
sc
us
se
d
in
Se
ct
io
n
6.
1
as
we
ll
as
to
th
e
co
st
of
co
mp
en
sa
ti
ng
ac
ti
on
s
su
ch
as
du
mp
in
g
dr
ed
ge
d
ma
te
ri
al
s
at
sp
ec
ia
ll
y
pr
ep
ar
ed
si
te
s
or
of
sp
ec
ia
l
an
ti
-p
ol
lu
ti
on
tr
ea
tm
en
t.
It
is
al
so
im
po
rt
an
t
th
at
du
e
co
ns
id
er
at
io
n
be
gi
ve
n
to
th
os
e
ex
te
rn
al
ef
fe
ct
s
th
at
ar
e
li
ke
ly
to
oc
cu
r
ou
ts
id
e
th
e
ju
ri
sd
ic
ti
on
al
ar
ea
in
wh
ic
h
th
e
pr
oj
ec
t
is
lo
ca
te
d.
Ma
ny
of
th
es
e
ef
fe
ct
s
ca
nn
ot
be
qu
an
ti
fi
ed
bu
t
th
ey
sh
ou
ld
be
id
en
ti
fi
ed
,
wh
en
ev
er
po
ss
ib
le
,
in
or
de
r
to
pe
rm
it
a
“j
ud
ge
me
nt
”
ev
al
ua
ti
on
of
th
ei
r
si
gn
if
ic
an
ce
.
5.
3.
4.
1
Co
ns
id
er
at
io
n
of
po
te
nt
ia
l
fo
r
mu
lt
i-
pu
rp
os
e
pr
oj
ec
ts
Dr
ed
gi
ng
pr
oj
ec
ts
ar
e
ge
ne
ra
ll
y
un
de
rt
ak
en
fo
r
on
e
pa
rt
ic
ul
ar
pu
rp
os
e
su
ch
as
na
vi
ga
ti
on
,
mi
ni
ng
or
th
e
co
ns
tr
uc
ti
on
of
a
ma
ri
na
.
Tr
ad
it
io
na
ll
y,
li
tt
le
co
ns
id
er
at
io
ns
ha
s
be
en
gi
ve
n
to
th
e
po
ss
ib
il
it
y
th
at
a
dr
ed
gi
ng
pr
oj
ec
t
mi
gh
t
se
rv
e
mo
re
th
an
on
e
pu
rp
os
e.
In
th
e
ca
se
of
dr
ed
gi
ng
fo
r
na
vi
ga
ti
on
,
fo
r
ex
am
pl
e,
th
e
be
ne
fi
ts
,
wh
et
he
r
ev
al
ua
te
d
or
no
t,
we
re
co
ns
id
er
ed
to
be
de
fi
ne
d
by
th
e
re
du
ce
d
co
st
of
wa
te
r
tr
an
sp
or
t.
Si
nc
e
th
e
be
ne
fi
ts
we
re
a
s
s
u
m
e
d
to
be
un
iq
ue
,
th
e
be
ne
fi
t-
co
st
ra
ti
o
w
a
s
co
ns
id
er
ed
to
be
at
it
s
m
a
x
i
m
u
m
w
h
e
n
th
e
pr
oj
ec
t
w
a
s
im
pl
em
en
te
d
at
le
as
t
co
st
.
Th
is
im
pl
ie
d
th
at
th
e
dr
ed
ge
d
ma
te
ri
al
ha
d
to
be
di
sp
os
ed
of
at
le
as
t
co
st
.
In
at
le
as
t
s
o
m
e
ca
se
s,
w
h
e
n
th
is
ma
te
ri
al
w
a
s
of
go
od
qu
al
it
y,
a
c
o
m
b
i
n
e
d
na
vi
ga
ti
on
-m
in
in
g
pr
oj
ec
t
m
i
g
h
t
h
a
v
e
b
e
e
n
p
r
e
f
e
r
a
b
l
e
e
v
e
n
if
t
h
e
to
ta
l
co
st
of
d
r
e
d
g
i
n
g
h
a
d
b
e
e
n
hi
gh
er
.
T
h
e
b
e
s
t
pr
oj
ec
t
al
te
rn
at
iv
e
is
no
t
th
e
o
n
e
wi
th
ei
th
er
t
h
e
h
i
g
h
e
s
t
be
ne
fi
ts
n
o
r
t
h
e
l
o
we
s
t
co
st
b
u
t
t
h
e
o
n
e
wi
th
t
h
e
hi
gh
es
t
ne
t
be
ne
fi
ts
.
It
is
,
th
er
ef
or
e,
m
o
r
e
a
p
p
r
o
p
r
i
a
t
e
to
c
o
n
s
i
d
e
r
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 in
eac
h c
ase
wh
en
a s
ing
le-
pur
pos
e p
roj
ect
is p
rop
ose
d,
the
des
ira
bil
ity
of
exp
and
ing
the
pro
jec
t
int
o a
mul
ti-
pur
pos
e o
ne.
All
cos
ts
and
ben
efi
ts,
inc
lud
ing
the
der
ive
d a
nd
ext
ern
al
cos
ts
and
benefits, must be given due weight.
The
rec
ent
pra
cti
ce
of
imp
osi
ng
lim
ita
tio
ns
on
dre
dge
d
mat
eri
al
dis
pos
al
ma
ke
s
mul
ti-
pur
pos
e p
roj
ect
s p
art
icu
lar
ly
rel
eva
nt.
ln
ma
ny
cas
es
exc
ava
ted
mat
eri
als
mus
t
no
w
be
dep
osi
ted
wit
hin
spe
cia
lly
pre
par
ed
are
as
rat
her
tha
n b
ein
g d
um
pe
d
in
the
lak
e.
Wit
h p
rop
er
pla
nni
ng,
and
per
hap
s a
t s
om
e e
xtr
a c
ost
, i
t m
ay
be
pos
sib
le
to
uti
liz
e s
uch
dep
osi
ts
for
ind
ust
ria
l
and
res
ide
nti
al
sit
es
or
for
the
cre
ati
on
of
att
rac
tiv
e p
ark
lan
ds.
The
qua
lit
y o
f t
he
mat
eri
al
is
fre
que
ntl
y a
fac
tor
lim
iti
ng
pot
ent
ial
use
for
suc
h p
urp
ose
s b
ut
the
re
are
alr
ead
y e
xam
ple
s o
f
ben
efi
cia
l
use
s w
hic
h
ill
ust
rat
e t
hat
mo
re
att
ent
ion
sho
uld
be
giv
en
to
the
mul
ti-
pur
pos
e
alternatives of dredging programs.
On
e s
uch
exa
mpl
e o
f t
he
pos
iti
ve
use
of
dre
dgi
ngs
is a
rec
ent
pro
gra
m u
nde
rta
ken
by
the
Gov
ern
men
t o
f C
an
ad
a a
nd
the
Tor
ont
o H
arb
our
Com
mis
sio
n.
For
fut
ure
exp
ans
ion
of T
oro
nto
Har
bou
r,
a m
ajo
r d
red
gin
g p
roj
ect
is b
ein
g u
nde
rta
ken
to
pro
vid
e a
ne
w c
han
nel
to
the
exi
sti
ng
inn
er
har
bou
r a
nd
to
inc
rea
se
the
dep
th
in t
he
ne
w o
ute
r h
arb
our
. T
he
dre
dge
d m
ate
ria
ls,
abo
ut
7.5
mil
lio
n m
",
are
bei
ng
dep
osi
ted
alo
ng
the
Eas
t H
ead
lan
d w
hic
h p
rot
ect
s t
he
out
er
har
bou
r.
Sup
ple
men
ted
wit
h b
orr
ow
mat
eri
al
exc
ava
ted
fro
m c
ons
tru
cti
on
sit
es
in
the
city
, t
he
dre
dgi
ngs
are
bei
ng
use
d t
o c
rea
te
an
aqu
ati
c p
ark
, i
ncl
udi
ng
abo
ut
75
hec
tar
es
of
ne
w l
and
. N
o e
sti
mat
e
has
bee
n m
ad
e o
f t
he
val
ue
of t
his
ne
w p
ark
are
a b
ut
it i
s ob
vio
us
tha
t a
ny
oth
er
me
an
s o
f c
rea
tin
g
suc
h a
ddi
tio
nal
lan
d n
ear
the
cen
tre
of T
oro
nto
wou
ld
hav
e b
een
far
mor
e t
han
the
est
ima
ted
$10
mil
lio
n c
ost
of d
red
gin
g u
nde
rta
ken
for
the
pur
pos
e o
f h
arb
our
exp
ans
ion
. T
he
fac
t t
hat
mos
t o
f
the
dre
dge
d m
ate
ria
l c
ons
ist
s o
f r
ela
tiv
ely
cle
an
san
d m
ak
es
thi
s e
leg
ant
sol
uti
on
of
a d
isp
osa
l
pro
ble
m p
art
icu
lar
ly
att
rac
tiv
e.
Mat
eri
als
of
poo
rer
qua
lit
y m
ay
len
d t
hem
sel
ves
les
s e
asi
ly
to
sim
ila
r t
rea
tme
nt
but
it m
ay
be
pos
sib
le
to f
ind
a p
osi
tiv
e u
se
for
eve
n r
ath
er
poo
r q
ual
ity
mat
eri
al
in many situations.
5.4 ENVIRONMENTAL ASPECTS
As
alr
ead
y n
ote
d,
nea
rly
ten
mil
lio
n m
"of
bot
tom
mat
eri
als
are
dre
dge
d a
nnu
all
y a
nd
red
isp
ose
d t
hro
ugh
out
the
Gre
at
Lak
es
and
thei
r co
nne
cti
ng
cha
nne
ls.
Thi
s m
agn
itu
de
of a
ctiv
ity
alo
ne
is s
uffi
cien
t t
o w
arr
ant
inv
est
iga
tio
n i
nto
the
env
iro
nme
nta
l i
mpa
ct
of
suc
h o
per
ati
ons
.
Mor
eov
er,
bot
tom
sed
ime
nts
at
man
y d
red
gin
g l
oca
tio
ns
inc
orp
ora
te
agr
icu
ltu
ral
, u
rba
n a
nd
ind
ust
ria
l c
ont
ami
nan
ts.
The
Wor
kin
g G
rou
p’s
inv
est
iga
tio
ns
hav
e b
een
dir
ect
ed,
firs
tly,
tow
ard
a b
roa
d r
evi
ew
of t
he
effe
cts
whi
ch
dre
dgi
ng
ope
rat
ion
s c
an
hav
e,
eit
her
dire
ctly
or
indi
rect
ly,
on
the
eco
log
y o
f t
he
Bas
in
and
the
ass
oci
ate
d w
ate
r u
ses
; a
nd
sec
ond
ly,
on
the
dev
elo
pme
nt
of a
n
int
egr
ate
d a
ppr
oac
h t
o p
roj
ect
for
mul
ati
on
and
eva
lua
tio
n w
her
eby
env
iro
nme
nta
l e
ffec
ts
are
ide
nti
fie
d e
arl
y en
oug
h t
o fa
cili
tate
con
sid
era
tio
n o
f p
roj
ect
alt
ern
ati
ves
and
des
ign
mod
ifi
cat
ion
s
to achieve optimum solutions.
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 While the deleterious aspects are frequently emphasized, dredging operations can
have beneficial effects on lake ecology. Examples include the creation of additional wetlands and
the improvement of habitat through removal or blanketing of polluted bottom materials.
The impact of a dredging or disposal activity on the surrounding environment is
influenced by many factors. Those that are more commonly recognized include: the nature and
quantity of material to be handled, the equipment and techniques employed in the removal,
transportation and disposal of the dredged material as well as the history and characteristics of
the dredging and disposal sites. In identifying the aquatic environmental impacts which are
experienced at the sites of dredging activities, it must be recognized that these same locations are
being subjected to other, concurrent, man-induced and natural stresses. Quantification of these
impacts is a developing science and many aspects cannot yet be adequately defined. Information
specific to the impact of dredging and open-water disposal on biological communities in the Great
Lakes is extremely scarce.
Although dredging followed by open-water disposal of materials is a well-established
procedure, the aggregate effects of this activity together with the waste disposal practices of lake
communities are being viewed with concern. Furthermore, all water management practices must
be examined critically, to ensure that returns from expensive remedial measures to control some
practices are not jeopardized by shortcomings in others. This is certainly the case in open-water
dredged material disposal, where both nutrients and toxic substances, are redistributed to
interact adversely with biological communities. Since both nutrients and toxic substances are now
included in early-stage point-source control programs, it is appropriate to determine if open-water
disposal practices are counter-productive to management for water quality improvement.
Recent studies of diffuse sources of pollutants such as derived from urban and rural
land
drain
age s
ugges
ts th
at a
consi
derab
le po
tenti
al fo
r con
tamin
ation
of na
tural
sedi
ment
s will
conti
nue
which
, mo
reove
r, m
ay n
ot be
pract
icall
y con
troll
ed. T
heref
ore,
it is
conc
lude
d tha
t it
woul
d b
e un
wise
to a
ssu
me
that
conf
ined
disp
osal
will
not
be r
equi
red
as a
cons
eque
nce
of
poin
t-so
urce
cont
rol.
On
the
othe
r ha
nd,
conf
ined
disp
osal
sites
are
alre
ady
prov
ing
diffi
cult
to
obta
in a
nd,
as d
iscu
ssed
in Se
ctio
n 5.
3.1.1
, ar
e lik
ely t
o be
com
e ev
en m
ore
cost
ly in
the
futur
e.
It is
rec
omm
end
ed
that
suc
h si
tes
be d
eve
lop
ed
and
util
ized
only
for
spoi
ls w
hic
h a
re
toxi
c or
oth
erw
ise
so
hea
vil
y c
ont
ami
nat
ed
tha
t n
o o
the
r r
eas
ona
ble
cou
rse
of a
cti
on
is a
vail
able
.
One
of t
he
mor
e m
ean
ing
ful
ind
ica
tor
s o
f th
e e
ffec
ts o
f dr
edg
ing
on
the
env
iro
nme
nt
is t
he
sta
tus
of
the
ben
thi
c c
omm
uni
tie
s i
n t
hos
e r
est
ric
ted
are
as
whe
re
dre
dgi
ng
is c
arr
ied
out
or
dre
dge
d m
ate
ria
l i
s d
epo
sit
ed.
The
wid
est
div
ers
ity
of b
ent
hic
co
mm
uni
ty
inh
abi
ts
the
sha
llo
w
wat
ers
of
the
nea
rsh
ore
and
off
sho
re
zon
es
of
the
Lak
es
wit
hin
whi
ch
the
bot
tom
str
ata
are
aff
ect
ed
by
wa
ve
act
ion
, e
ith
er
by
bre
aki
ng
wa
ve
s i
n t
he
be
ac
h a
nd
nea
rsh
ore
zon
es
or
by
orb
ita
l
mo
ve
me
nt
of
the
wat
ers
in
mor
e-o
ute
rly
ing
nea
rsh
ore
an
d o
ffs
hor
e z
one
s.
So
me
5 p
erc
ent
of
the
tot
al
sur
fac
e
are
a
of
ea
ch
of
the
Gre
at
La
ke
s
lie
s w
ith
in
the
se
zo
ne
s
wh
ic
h
co
rr
es
po
nd
ap
pr
ox
im
at
el
y
to
th
e
18
m
de
pt
h
lin
e
in
Fig
ure
5-A
, w
ith
th
e e
xc
ep
ti
on
of
La
ke
Eri
e w
he
re
th
e
affected area is nearer 20 percent.
In
ch
an
ne
ls
th
at
ar
e
ma
in
ta
in
ed
by
dr
ed
gi
ng
,
th
e
bo
tt
om
su
rf
ac
e
se
di
me
nt
s
us
ua
ll
y
co
ns
is
t
of
lo
os
e
ma
te
ri
al
s
co
nt
ai
ni
ng
a
va
ri
et
y
of
co
nt
am
in
an
ts
th
at
ar
e
no
t
co
nd
uc
uv
e
to
th
e
-95-
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 preservation of desirable aquatic communities. As a consequence, the potential for damage to
benthic and aquatic resources caused by the dredging phase is greater in the case of new work
than for maintenance dredging. On the other hand, the potential for causing environmental
damages as a result of the disposal operation is greater in the case of maintenance operations
because those dredgings are more likely to contain harmful contaminants.
As already noted, the dredging process involves three interrelated procedures: the
excavation, transport and disposal of the dredged material. By definition, each activity involves
disturbance of in-situ conditions and hence environmental change. The extent and intensity of
phySical disturbance will be functions of the material being dredged and the type of plant utilized
whereas the biochemical severity of the environmental impact on the biota will be determined by
the nature of the existing ecosystems at each of the locations involved.
While the environmental effects of dredging and materials disposal could be classified
in different ways, a short-term, long-term differentiation has been found to be appropriate. In
essence long-term effects are those which show evidence of persistent impact over an extended
perio
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This
overloading
practice can,
of course,
be avoided
in situations where
polluted
sediments are being dredged or where excessive turbidity is unacceptable. The additional cost of
dredging under such constraint, however, may be significant due to the decreased pay load and
extra travel time between dredging and disposal sites. Nevertheless, tests carried out by the Corps
of Engineers in Saginaw Bay, Michigan in 1968 indicate that, at least for the very fine-grained
materials present at that site, conventional loading practice with hopper dredging plant resulted
in approximately
the same
concentration of solids being washed
overboard
as were being
dredged.
ln non-polluted harbour and open-water areas where dredging for navigation or
aggregate recovery takes place, the creation of excessive turbidity and disturbance of the benthos
may be significant. Increased turbidity is usually a short—term effect and tends to be more severe
in flowing channels than at quiescent lake sites, but colloidal and flocculated materials, in
particular, will remain suspended and travel considerable distances before resettlement even in
very low energy currents. Nevertheless, fish mortality (which can result from clogging of the gill
filaments and opercular cavities) is unlikely at suspended sediment concentrations found even at
dredging locations. Tests in an Alabama estuary indicated that there was no significant mortality
or debilitation in either fish or shellfish during dredging. Dredging activities in shallow bays and
lagoons did not increase oyster mortality and apparently had no effect on spawning and setting.
While dissolved oxygen reductions in the water column at the sites of dredging operations have
been observed they have generally been of short-term duration and limited significance. Providing
the water remains aerobic, however, the exchange of constituents between such resuspended
sedimentary materials and the water is minimal.
Although there is, to date, very little precise information available concerning the
release of nutrients, gases and toxic materials into the water column during sediment excavation,
it is generally considered that dredging of significantly polluted sediments is of limited
environmental consequence. Indeed, by increasing water circulation and reducing the rate of
oxygen depletion, the long-term effects are more likely to be beneficial. In a few cases, however,
where heavily contaminated materials were excavated adverse environmental effects have been
reported. A mass mortality of sticklebacks and shiners associated with the dredging of cedar bark
deposits has been observed in Alberni Harbour, B.C.
Measurements taken before, during and after dredging at Port Stanley, Ontario in
1974 indicated that both total and reactive phosphorous concentrations increased in the water
column and that some release of heavy metals appeared to have taken place. However, since the
concentrations of heavy metals in the overlying water during dredging were not significantly
higher than before dredging commenced, the amount released was not considered to have been
demonstrated unequivocally. Higher concentrations were, nevertheless, measured after dredging
was completed.
Biological determinations at Port Stanley indicated that removal of the substrate
resulted in extensive depletion of the macroinvertebrate population. Resampling six weeks after
completion of the eight-week long dredging program showed that, while the copepod population
had recovered to pre-dredging numbers, oligochaetes were present at a level of less than 15
percent of the pre-dredging abundance.
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ef
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 5.4.3.1 Open-water Disposal
While open-water disposal of dredged sediments can be expected to cause some
environmentally adverse effects in the disposal area during the dumping process, a number of
potentially beneficial results of this disposal practice can also be identified. In situations where
the sediments being dredged are suitable as to size gradation and freedom of toxic contaminants,
such effects include beach nourishment and enlargement, creation of improved fishery habitat,
construction of hydraulic landfills and blanketing of more heavily polluted bottom sediments.
Nevertheless, it is now recognized that the practice of dumping dredged material, even
in designated deepwater areas can lead to water quality degradation. Even if the material is not
contaminated sufficiently to warrant its complete removal from the aqueous environment,
open-water disposal may still be unacceptable in areas where blanketing of the benthos will result
in elimination of, or damage to, the fishery habitat or in the reduction of light penetration which
would result in a significant decrease in the photosynthetic productivity.
In terms of the physical effects, turbidity increases and blanketing of bottom areas are
the most evident. The size of a turbidity plume in a given situation will depend on the rate of
volume displacement of sediment and the intensity of currents in the area of disturbance. While
very little can be done to avoid turbidity effects, experimental trials have been made with
temporary curtains surrounding the disposal area to reduce the spread when dumping from
surface scows. The procedure, if effective at all, is applicable only in quiescent conditions. If
avoidance of excessive turbidity within the epilimnion is of principal concern, dredged material
could be transported to the disposal site by pipeline and deposited near the bed.
The results of blanketing bottom areas are most often biological in nature and are
discussed hereinafter. However, long-term physical benefits of this procedure include isolation of
contaminated sediments in-situ from the surrounding aquatic environment and the formation of
disposal mounds which may provide refuges for fish populations.
With regard to the chemical effects of open-water disposal, it would appear that the
most
impor
tant
facto
r in
deter
minin
g the
signi
fican
ce of
envir
onmen
tal
conc
ern
may
be th
e
dilut
ion o
f the
mater
ial
to be
expec
ted
at th
e dis
posal
site.
A gr
adual
brea
kdow
n of
organ
ic
cont
amin
ants
takes
place
on th
e lak
e bed
throu
gh th
e int
eract
ions
of ma
ny t
ypes
of or
ganis
ms.
In th
e eve
nt th
at du
mped
mater
ials
conta
in ex
cessi
ve am
ount
s of
pollu
tants
, the
dilut
ion e
ffect
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be s
uffic
ient
to m
aint
ain
the
pre-
disp
osal
stat
us a
nd e
xten
sive
chan
ges
can
occu
r. I
f
cond
itio
ns r
emai
n ae
robi
c, b
io-c
hemi
cal
proc
esse
s wo
uld
be r
elati
vely
rapi
d an
d co
mple
te s
o th
at
retu
rn t
o a
sati
sfac
tory
situ
atio
n co
uld
be a
ntic
ipat
ed.
If, o
n th
e ot
her
han
d,
ana
ero
bic
for
ms g
ain
asc
end
enc
y,
the
bioc
hemi
cal
reac
tion
s ar
e u
sual
ly
slow
er
and
freq
uent
ly
inc
omp
let
e s
o t
hat
fur
the
r d
egr
ada
tio
n g
ene
ral
ly
foll
ows.
ln p
art
icul
arl
y ad
ver
se
sit
uati
ons
, w
her
e c
ont
ami
nat
ed
toxi
c
was
tes
hav
e b
een
con
tin
ual
ly
or
reg
ula
rly
dum
ped
in a
lak
e e
nvi
ron
men
t,
it h
as
bee
n o
bse
rve
d
tha
t e
ven
the
pol
lut
ion
-to
ler
ant
ben
tho
s h
ave
bee
n e
lim
ina
ted
and
the
aff
ect
ed
are
as
hav
e c
eas
ed
to be biologically productive.
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f d
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dis
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re
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re
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ra
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d
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e
pr
od
uc
ti
on
of
no
xi
ou
s
ga
se
s.
Co
nc
om
it
an
t
eff
ect
s
in
cl
ud
e
ag
gr
av
at
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c
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r d
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y c
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y c
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pro
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l d
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t c
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s c
an
an
d
do
es
occ
ur,
but
mo
re
res
ear
ch
is
req
uir
ed
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con
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e f
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h d
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fis
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d t
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enc
e
dat
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the
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t
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che
ll
Ba
y
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d
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er
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ns
are
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ed
hereinafter.
5.4
.3.
1.1
Eff
ect
s o
n B
ent
hic
Mac
roi
nve
rte
bra
te
Co
mm
un
it
ie
s
Pub
lis
hed
evi
den
ce
ind
ica
tes
con
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ili
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in
the
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pon
se
of
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om
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a
to
dr
ed
ge
d
mat
eri
als
dis
pos
al.
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e
ext
ent
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da
ma
ge
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n
ra
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e f
ro
m
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ght
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d
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mp
or
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o
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ng
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gvt
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,
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is
dep
end
ent
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a
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er
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fac
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s
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lud
ing
spe
cie
s
com
pos
iti
on,
qua
nti
ty
and
typ
e
of
mat
eri
als
to
be
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ove
d
and
the
dur
ati
on
of
dis
pos
al
activity.
The
U.S
. A
rmy
Cor
ps
of E
ngi
nee
rs
rep
ort
ed
in
196
8 t
hat
dis
pos
al
of w
ast
es
fro
m t
he
Gre
at
Sod
us
Bay
Cha
nne
l
to
Lak
e O
nta
rio
cau
sed
no
sig
nif
ica
nt
da
ma
ge
to
lak
e
ben
tho
s,
app
are
ntl
y b
eca
use
of t
he
pre
sen
ce
of
an
ass
emb
lag
e o
f r
ath
er
tol
era
nt
chi
ron
omi
d s
pec
ies
. I
n
con
tra
st
dre
dge
d m
ate
ria
l d
isp
osa
l o
f C
hes
ape
ake
Bay
mud
s
cau
sed
a m
ark
ed
red
uct
ion
in
num
ber
s o
f b
ent
hic
ind
ivi
dua
ls,
spe
cie
s d
iver
sity
ind
ex,
and
dry
wei
ght
in
the
dis
pos
al
zon
e
imm
edi
ate
ly
aft
er
dre
dgi
ng.
How
eve
r,
rec
ove
ry
was
com
ple
te
wit
h r
esp
ect
to
all
thr
ee
crit
eria
eighteen months after the cessation of dredging activities.
Dev
ast
ati
ng
and
lon
g-t
erm
dam
age
to t
he
bot
tom
fau
na
fro
m d
red
ged
mat
eri
al
dis
pos
al
app
ear
to
be
fun
cti
ons
of b
oth
the
qua
nti
ty
and
nat
ure
of t
he
was
tes
inv
olv
ed.
Dis
pos
al
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 of Cleveland Harbour and Cayuga River sediments in Lake Erie increased the benthos in most of
the disposal zone just after commencement of dumping but, with continued disposal in the same
location, populations decreased, suggesting both toxicity and lateral spreading of materials. It was
also shown that the total number of benthic macroinvertebrates and species diversity were
severely reduced at a dumping ground used for organic sludge and debris. The Sandy Hook Marine
Laboratory found the New York City disposal site for sludge and dredged sediments to be
completely devoid of benthic organisms. However, in this case, the extent of damage caused by
the dredgings alone was difficult to determine because industrial and sewage sludges were also
being dumped in the same area.
The responses of two benthic macroinvertebrate community components to disposal
at the Port Stanley site are illustrated in Table 5-4.
TABLE 5—4
Effect of Dredged Materials Deposition on
Chironomid/Oligochaete Sample Population Numbers.
Before During Immediately One Year
Dredging Dredging After Dredging After Dredging
(Aug 1973) (Sept 1973) (Nov 1973) (Aug 1974)
Chi
ron
omi
ds
(c)
71
34
51
86
Oli
goc
hae
tes
(o)
37
48
132
63
Rat
io
czo
1.8
0.7
0.4
1.4
Th
e
ch
ir
on
om
id
pop
ula
tio
n
dec
rea
sed
dur
ing
dis
pos
al,
but
ha
d e
xhi
bit
ed
not
ice
abl
e
rec
ove
ry
by
Aug
ust
,
197
4.
The
oli
goc
hae
te
pop
ula
tio
n
on
the
oth
er
han
d g
ene
ral
ly
inc
rea
sed
du
ri
ng
th
e d
is
po
sa
l p
ro
gr
am
,
bu
t h
ad
dec
lin
ed
so
me
wh
at
by
Au
gu
st
,
19
74
. S
in
ce
th
e P
ort
St
an
le
y
dr
ed
gi
ng
s
we
re
fo
un
d
to
be
in
ha
bi
te
d
pr
ed
om
in
an
tl
y
by
Ol
ig
oc
ha
et
es
,
it
ap
pe
ar
s
th
at
th
er
e
wa
s
re
co
ve
ry
of
ch
ir
on
om
id
s t
o p
op
ul
at
io
ns
of
on
e y
ea
r e
arl
ier
. C
la
m
an
d
sna
il
po
pu
la
ti
on
s,
wh
ic
h w
er
e
ab
un
da
nt
at
so
me
st
at
io
ns
pr
io
r
to
di
sp
os
al
,
ex
hi
bi
te
d
lit
tle
re
co
ve
ry
at
so
me
st
at
io
ns
an
d
moderate recovery at others.
In
ad
di
ti
on
to
th
e
po
te
nt
ia
l
pr
ob
le
ms
th
at
ar
e
pr
im
ar
il
y
ph
ys
ic
al
in
na
tu
re
,
bi
ol
og
ic
al
co
mm
un
it
ie
s
ar
e
al
so
su
bj
ec
te
d
to
st
re
ss
es
th
at
ar
e
re
la
te
d
to
th
e
ch
em
ic
al
co
mp
os
mo
n
of
vt
he
ma
te
ri
al
s
be
in
g
de
po
si
te
d.
It
ha
s
be
en
de
mo
ns
tr
at
ed
fo
r
ex
am
pl
e
th
at
fi
dd
le
r
cr
ab
s
an
d
sh
ri
mp
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re
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at
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at
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ra
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at
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.
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d
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at
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r c
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ra
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pe
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is
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at
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ra
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at
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at
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, d
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e l
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r
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a f
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am
bi
en
t c
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or
us
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d
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by
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s o
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0 a
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00
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pec
tiv
ely
, o
ver
am
bi
en
t
lev
els
in
the
im
me
di
at
e v
ici
nit
y o
f a
dr
ed
ge
d
mat
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al
dis
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rge
pip
e i
n C
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pe
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e B
ay.
Sho
rt
te
rm
in-
sit
u b
ioa
ssa
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to
de
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rm
in
e p
ri
ma
ry
pro
duc
tio
n
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nat
ura
l
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ke
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Por
t S
tan
ley
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a a
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r d
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ng
sh
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iou
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ffe
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evi
den
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tox
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2 p
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ent
v/v
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mul
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on
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alg
al
pro
duc
tio
n w
as
pronounced.
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 5.4.31.2.2 Zooplankton
The
mea
n 2
4>h
our
LC5
O of
the
zoo
pla
nkt
on p
opul
atio
n at
Port
Stan
ley,
as d
ete
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ned
by
prob
it a
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2.3
perc
ent
v/v
(n
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). S
imil
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valu
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d m
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y di
ffer
ent.
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e b
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s f
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c ac
tio
n o
f h
eav
y
met
als
, o
r in
ter
fer
enc
e wi
th
the
fee
din
g p
roc
ess
. S
upp
ort
for
the
latt
er s
ugg
est
ion
has
bee
n f
oun
d
in investigations of other relevant situations.
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r b
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d m
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e g
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dis
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e
p
t
e
m
b
e
r
,
1
9
7
3
,
fi
sh
a
b
u
n
d
a
n
c
e
w
a
s
g
r
e
a
t
e
r
at
t
h
e
P
o
r
t
S
t
a
n
l
e
y
d
i
s
p
o
s
a
l
si
te
t
h
a
n
a
d
j
a
c
e
n
t
t
o
it
.
D
u
r
i
n
g
Ap
ri
l,
1
9
7
4
,
a
p
p
r
o
x
i
m
a
t
e
l
y
fi
ve
m
o
n
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 a similar interval prior to commencement of the 1974 dredging activities, a study covering the
disposal area and a reference region was conducted. Abundance was generally less by some 60
percent than that indicated in fall 1973 catches, but all areas appeared to have reasonably
abundant and homogeneous species distributions. Fish were sampled again in 1974 during the
period of disposal. Generally, rainbow smelt dominated the catches, followed by emerald shiner,
alewife and gizzard shad with the greatest abundance of fish evident near the bottom.
Preliminary analysis of the Lake Erie data indicates at least localized changes in the
distribution of pelagic fish. Cessation of dredging activities resulted in resumption of normal
distribution patterns. Although only the short-term and within-season effects of dredging have
been examined, the data suggest that alterations are related directly to the specific dumping
events.
5.4.3.2 Unconfined Disposal on Land
Land disposal of dredged material in unconfined locations may be used beneficially to
enhance beach areas, create wetlands habitat or reclaim additional land areas for parks or other
development purposes. When the disposed material is very fine-grained with poor engineering
properties, the reclaimed site may subsequently have very limited utility. If the material to be
disposed contains toxins or persistent contaminants an unconfined disposal site will usually not
be considered acceptable.
ln all cases, it is necessary that the interim and ultimate utilization of the disposal site
be carefully considered before dumping commences. The engineering properties of the materials
to be dredged must be assessed and planning of the disposal site recognize any limitations that
may be imposed by material characteristics. Beach nourishment projects require materials having
a low percentage of fine-grained constituents. Project design aspects include an evaluation of the
wave
and
littoral drift characteristics of the
proposed
site, consideration
of the need
for
stabilization structures, such as groynes, to retain the desired configuration and assessment of
the various alternatives for distribution over the disposal area, especially if it is to be used several
times over a number of years to support an ongoing program of regular maintenance dredging.
Wetlands
can
be
created
with
finer-grained
materials and
the degree
of sediment
contamination
is not
as
critical
as
for
beach
nourishment.
Planning
for the
use
of dredged
material
to develop
such
a
facility must
consider water-level
fluctuations,
erosion control
and
cover
crop
establishment,
wave
energy
and
degree
of
exposure
and,
in the
case
of
polluted
sediments, potential health hazards to the anticipated waterfowl inhabitants.
Land
reclamation projects utilizing dredged material must
pay particular attention to
the
relationship between
sediment
characteristics and
subsequent
land
use.
In situations where
a
significant
percentage
of
fine-grained
constituents
is to
be
anticipated,
the
engineering
properties
must
be
determined
carefully
so
that
retention
bunds
can
be
properly
designed,
settlement
and
bulking
aspects
determined
and
probable
ultimate
loading capacities
assessed.
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p
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c
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conditions.
5.4.3.3
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r
e
c
l
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a
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i
o
n
a
r
e
e
v
e
n
m
o
r
e
critical
w
h
e
n
t
h
e
d
r
e
d
g
i
n
g
p
r
o
p
o
n
e
n
t
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f
a
c
e
d
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a
n
e
e
d
to
c
o
n
f
i
n
e
t
h
e
e
x
c
a
v
a
t
e
d
m
a
t
e
r
i
a
l
either
b
e
c
a
u
s
e
it
is
grossly
c
o
n
t
a
m
i
n
a
t
e
d
or
b
e
c
a
u
s
e
its
e
n
g
i
n
e
e
r
i
n
g
properties
a
r
e
u
n
s
u
i
t
a
b
l
e
for
m
o
s
t
beneficial
f
o
r
m
s
of
s
u
b
s
e
q
u
e
n
t
l
a
n
d
use.
T
h
e
costs
of
s
u
c
h
c
o
n
f
i
n
e
d
disposal
sites
a
r
e
usually
s
u
c
h
t
h
a
t
m
ul
t
i
p
l
e
u
s
e
is
desirable.
T
h
u
s
interim
c
o
n
c
e
r
n
s
m
a
y
b
e
m
o
r
e
significant
t
h
a
n
t
h
e
l
o
n
g
-
t
e
r
m
situation
w
h
e
n
,
for
instance,
c
o
n
t
a
m
i
n
a
t
e
d
s
e
d
i
m
e
n
t
d
u
m
p
s
c
o
n
t
a
i
n
i
n
g
toxic
pollutants
c
o
u
l
d
b
e
c
o
v
e
r
e
d
with
clean
material
o
n
c
e
us
e
of
the
site
for
disposal
is
to
b
e
discontinued.
Additional
p
r
o
b
l
e
m
s
that
m
a
y
h
a
v
e
to
b
e
considered
include
s
e
e
p
a
g
e
control
a
n
d
g
r
o
u
n
d
w
a
t
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
,
o
d
o
u
r
suppression,
surface
drying
a
n
d
w
i
n
d
erosion
control,
s
u
p
e
r
n
a
t
a
n
t
t
r
e
a
t
m
e
n
t
a
n
d
disposal,
c
o
n
t
a
m
i
n
a
n
t
transfer
to
the
external
e
n
v
i
r
o
n
m
e
n
t
b
y
wildlife
vectors,
surface
d
r
a
i
n
a
g
e
control
a
n
d
aesthetic
aspects.
T
o
date
very
little
information
has
been
gathered
on
the
environmental
c
o
n
s
e
q
u
e
n
c
e
s
of
confining
contaminated
dredged
material.
Preliminary
evaluations
of
the
effects
of
disposal
within
an
artificial
island
in
Mitchell
Bay
indicate
no
disturbance
of
benthic
macroinvertebrate
populations
within
2
0
0
m
of
the
island.
Samplings
of
G
a
m
m
u
s
sp.
adjacent
to
the
island
exhibited
mercury
levels
of
0.17
pg/g
while
oligochaeta
at
500
to
1000
m
distance
had
levels
in
the
range
0.06
-
0.09
lug/g
mercury.
These
levels
can
be
compared
with
the
preliminary
values
from
Lake
Erie
of
0.19
to
1.7
,ug/g
for
oligochaeta
and
0.36
lug/g
for
chironomidae
as
discussed
in
Section
5.4.3.1.1.
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 Operations. The Board has indicated that the designation of a mixing zone is the responsibility of
the appropriate jurisdiction, although the Board does not believe it is necessary recognizing the
Short-term nature of the impacts of dredging activities. The second question related to
assessment of the contribution of dredging to nutrient loadings in the Lakes, with particular
reference to phosphorus. The Board has indicated in its reply, which is reproduced as Appendix
D herein, that this matter will be dealt with as appropriate through amendments to Annex 2 of
the Water Quality Agreement following completion of research into availability of phosphorus in
sediments.
It must be recognized that many of the impacts likely to arise can have both positive
and negative aspects when considered with respect to different uses and, moreover, may offer
both amenity and disamenity effects with respect to the same use when characterized as either
short- or long—term impacts. Sub-lethal effects upon the benthos and lower-order species of
aquatic organisms may become lethal to higher-order species over the long-term. Some impacts
are discernible only overthe short-term but residual effects may nevertheless persist such that
aggregation of a series of similar impacts could impose long-term constraints upon the viability
and stability of the biologic community. Physical changes at a specific location may trigger a chain
of regime alterations which would result in destabilization of the coastline or bedform at some
distance from the site of the primary modification.
In evaluating how best to proceed with a dredging project, each use and the potential
influences of a particular course of action must be weighed and compared amongst the
alternatives available. Whilst the principle of “least cost” will undoubdtedly continue to be
overriding in most public works, it is the opinion of the Working Group that for dredging projects
the criterion should be an “optimization of net benefits”. Although the proponent of a dredging
project will continue, as in the past, to have a particular purpose in view, to accomplish the work
in an environmentally acceptable and socially optimum manner will require evaluation of all
practical alternatives.
It is apparent from this review of dredging activities and of the potentially deleterious
and beneficial aspects which may arise, that there are too many variables involved to provide more
than general guidance for project evaluation. It is, therefore, recommended that future
evaluations of dredging projects be site-specific, bearing in mind that the water quality objectives
which have beenestablished in the Great Lakes Water Quality Agreement are overriding, as well
as
are
any
mor
e-s
tri
nge
nt
obj
ect
ive
s i
mpo
sed
by
loc
al
aut
hor
iti
es.
A de
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h h
aza
rds
, sa
fety
, ph
ysi
cal
stab
ilit
y, n
uis
anc
e c
ond
iti
ons
, a
nd
the
stab
ilit
y
of
th
e
aq
ua
ti
c
ec
os
ys
te
m
an
d
its
bi
om
ag
ni
fi
ca
ti
on
po
te
nt
ia
l.
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 ii)
iii)
iv)
V)
vi)
vii)
viii)
‘17
».
.
‘
T
h
e
na
tu
re
of
th
e
fo
re
go
in
g
co
nc
er
ns
is
di
sc
us
se
d
he
re
un
de
r.
He
al
th
co
nc
er
ns
ar
e
re
la
te
d
to
th
e
ph
ys
io
lo
gi
c
we
ll
-b
ei
ng
of
hu
ma
ns
,
as
re
so
ur
ce
us
er
s.
Th
us
,
un
de
r
re
cr
ea
ti
on
an
d
pu
bl
ic
,
pr
iv
at
e
an
d
su
b-
ca
te
go
ri
es
of
in
du
st
ri
al
wa
te
r
su
pp
ly
it
is
th
e
po
te
nt
ia
l
im
pa
ct
s
up
o
n
pu
bl
ic
he
al
th
wh
ic
h
m
u
s
t
be
ev
al
ua
te
d.
Nu
is
an
ce
co
nc
er
ns
re
la
te
to
ob
je
ct
io
na
bl
e
or
of
fe
ns
iv
e
co
nd
it
io
ns
,
wh
ic
h,
wh
il
st
no
t
im
pi
ng
in
g
di
re
ct
ly
up
on
pu
bl
ic
he
al
th
,
re
st
ri
ct
or
li
mi
t
ma
n’
s
us
e
of
re
so
ur
ce
s.
At
on
e
ex
tr
em
e
a
nu
is
an
ce
co
nd
it
io
n
m
a
y
be
su
bj
ec
t
to
le
ga
l
re
dr
es
s,
wh
il
e
at
th
e
ot
he
r,
ef
fe
ct
s
ar
e
su
bj
ec
ti
ve
ly
di
sp
le
as
in
g.
Re
so
ur
ce
av
ai
la
bi
li
ty
co
nc
er
ns
re
la
te
to
th
e
te
mp
or
ar
y
or
lo
ng
-t
er
m
pr
es
en
ce
or
ab
se
nc
e
of
th
at
pa
rt
of
th
e
na
tu
ra
l
en
vi
ro
nm
en
t
th
at
is
su
bj
ec
t
to
th
e
in
fl
ue
nc
e
of
dr
ed
gi
ng
op
er
at
io
ns
an
d
in
vo
lv
es
co
ns
id
er
at
io
ns
of
ph
ys
ic
al
st
ab
il
it
y
an
d
re
so
ur
ce
au
gm
en
ta
ti
on
or
di
mi
nu
ti
on
.
Ut
il
it
y
co
nc
er
ns
ex
pr
es
s
th
e
so
ci
al
an
d
ec
on
om
ic
be
ne
fi
ts
an
d
lo
ss
es
to
so
ci
et
y
th
ro
ug
h
ch
an
ge
s
in
th
e
st
at
us
of
re
so
ur
ce
av
ai
la
bi
li
ty
wh
et
he
r
te
mp
or
ar
y
or
pe
rm
an
en
t,
di
re
ct
or indirect.
St
ab
il
it
y
co
nc
er
ns
re
la
te
to
th
e
ph
ys
ic
al
re
gi
me
n
of
er
os
io
n,
ac
cr
et
io
n
or
st
at
ic
co
nd
it
io
ns
pr
ev
ai
li
ng
pr
io
r
to
pr
oj
ec
t
ex
ec
ut
io
n
an
d
wh
et
he
r
th
er
e
is
li
ke
ly
to
be
ch
an
ge
in
du
ce
d
at
th
e
pr
oj
ec
t
si
te
or
at
ne
ar
by
lo
ca
ti
on
s
wh
ic
h
wo
ul
d
al
te
r
cu
rr
en
t
pa
tt
er
ns
an
d
ve
lo
ci
ti
es
.
Th
us
ju
di
ci
ou
s
de
si
gn
m
a
y
re
du
ce
sh
oa
li
ng
in
an
ac
ti
ve
ch
an
ne
l,
al
th
ou
gh
de
po
si
ti
on
m
a
y
oc
cu
r
el
se
wh
er
e.
Sa
fe
ty
co
nc
er
ns
re
la
te
to
ha
za
rd
s,
ei
th
er
im
po
se
d
by
ch
an
ge
s
in
re
so
ur
ce
av
ai
la
bi
li
ty
or
pe
rp
et
ua
te
d
by
an
av
oi
da
nc
e
of
ch
an
ge
.
It
m
a
y
be
no
te
d
th
at
th
es
e
co
nc
er
ns
in
cl
ud
e
co
nd
it
io
ns
ar
is
in
g
th
ro
ug
h
fa
il
ur
e
to
im
pr
ov
e
a
na
vi
ga
bl
e
ch
an
ne
l
an
d
as
a
co
ns
eq
ue
nc
e
pe
rp
et
ua
te
a
ha
za
rd
ou
s
co
nd
it
io
n
wh
ic
h,
un
de
r
in
cr
ea
si
ng
us
e,
m
a
y
re
su
lt
in
su
bs
ta
nt
ia
l
lo
ss
es
an
d
po
te
nt
ia
ll
y
se
ri
ou
s
en
vi
ro
nm
en
ta
l
da
ma
ge
s.
Ec
os
ys
te
m
st
ab
il
it
y
co
nc
er
ns
re
la
te
to
th
e
ma
in
te
na
nc
e
of
he
al
th
y,
ba
la
nc
ed
ec
os
ys
te
ms
,
bo
th
in
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
an
d
th
e
in
te
rd
ep
en
de
nt
fo
re
sh
or
e
zo
ne
.
Wi
th
re
fe
re
nc
e
to
th
e
aq
ua
ti
c
ec
os
ys
te
m,
in
cl
ud
in
g
al
l
be
nt
hi
c
an
d
pe
la
gi
c
li
fe
fo
rm
s
an
d
th
e
in
te
rd
ep
en
de
nt
te
rr
es
tr
ia
l
ec
os
ys
te
m,
bo
th
of
wh
ic
h
ma
y
be
af
fe
ct
ed
by
ch
an
ge
s
in
wa
te
r
qu
al
it
y,
th
e
ph
ys
io
lo
gi
c
he
al
th
of
th
e
in
di
vi
du
al
sp
ec
ie
s
an
d
po
pu
la
ti
on
s
m
us
t
be
co
ns
id
er
ed
.
Bi
om
ag
ni
fi
ca
ti
on
po
te
nt
ia
l
re
fl
ec
ts
a
sp
ec
ia
l
as
pe
ct
of
he
al
th
co
nc
er
n
to
th
e
ec
os
ys
te
m
an
d
ul
ti
ma
te
ly
to
th
e
pu
bl
ic
th
ro
ug
h
th
e
ca
pa
bi
li
ty
of
lo
we
r-
or
de
r
sp
ec
ie
s
to
in
ge
st
an
d
co
nc
en
tr
at
e
to
xi
c
su
bs
ta
nc
es
.
Al
th
ou
gh
th
e
ph
yt
op
la
nk
to
n
an
d
zo
op
la
nk
to
n
ma
y
no
t
ex
hi
bi
t
ad
ve
rs
e
re
ac
ti
on
s,
fu
rt
he
r
co
nc
en
tr
at
io
n
of
a
to
xi
n
th
ro
ug
h
su
cc
ee
di
ng
st
ag
es
of
th
e
fo
od
ch
ai
n
ma
y
pr
es
en
t
a
de
fi
ni
te
su
b-
le
th
al
or
le
th
al
im
pa
ct
to
hi
gh
er
-o
rd
er
pr
ed
at
or
s.
Me
rc
ur
y
co
nv
er
si
on
by
ba
ct
er
ia
fr
om
in
so
lu
bl
e
to
so
lu
bl
e
fo
rm
s
an
d
it
s
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 subsequent absorption into the food chain is a classic case of biomagnification leading
to toxicity.
In Table 61, following, the foregoing environmental concerns are related to the Great
Lakes. The table is divided into two parts. The first part deals with man’s use and enjoyment of
the resources for recreation, water supply, shore property, navigation and materials recovery. The
second part addresses concerns from the viewpoint of the ecologic resources and relates to the
conservation of an environment capable of sustaining a healthy, diverse and balanced ecosystem.
Quite obviously, for the purposes of this report, it is impractical to treat all of the
inter-relationships and dependencies which may arise in comprehensive detail. However, the
illustrative examples and comments presented are indicative of the broad spectrum of direct and
indirect impacts which should be assessed in the project evaluation process.
TABLE 6—1
SUMMARY OF ENVIRONMENTAL CONCERNS
PART I — RESOURCE USES
Resource Aspect
Environmental Concern
Remarks
1. RECREATION
1.1
Bo
dy
Co
nt
ac
t
He
al
th
Dr
ed
gi
ng
act
ivi
tie
s m
ay
te
mp
or
ar
il
y d
eg
ra
de
wa
te
r
qua
lit
y t
o
Nuisance
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unacceptable levels for sports
involving whole or partial body
contact. Effects are likely to be
marginally harmful and of short
duration.
Nuisance effects are primarily
aesthetic, usually transient and
often unavoidable. Over the
long-term, dredging may result in
improvement of conditions in
areas subject to persistent
nuisance effects.
 
Resource Aspect
Environmental Concern
 
Remarks
 
Resource availability
Utility
1.2 Sport Fishing Health
and Hunﬁng
Resource availability
Utility
1.3
Ple
asu
re
boa
tin
g,
Res
our
ce
ava
ila
bil
ity
,
hiking, camping Utility and/or
and viewing Nuisance
Temporary or prolonged
residual resource degradation
may result in direct economic
losses to resort operators, and
indirect losses to the public
through use denial and through
substitution of less-favoured or
more costly alternative sites. On
the other hand, use of suitable
dredged material to create new or
improved facilities may in the
longer-term provide benefits
which more than affect any
temporary losses.
As for 1.1, degradation of
water quality may occasion
temporarily public health
hazards.
Potentials for improvement or
or degradation of habitat
exist in both dredging and
dredged material disposal
operations. Prolonged or excessive
disturbance may affect resource
use with resulting direct economic
losses to resort owners and
indirect losses to the public.
Gradations of aesthetic
quality of the resource may
affect the recreational value
— difficult to quantify gains
or losses unless impacts are
severe.
2.0 WATER SUPPLIES
2.1 Municipal and Public Health
other Public
systems.
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Dredging redistributes
oxygen—demanding substances
and creates an increased demand
on local levels of dissolved
Resource Aspect
Environmental Concern
Remarks
 
oxygen. In critical situations this
can lead to the redissolving of
trace metals and organics in
concentrations greater than those
considered permissible or
desirable for public water
supplies.
Dredged material disposal should
not be permitted within the zone
of influence of water supply
intakes.
Nuisance Both physical and chemical
effects can be experienced -
blocking of intakes, increased
turbidity, reduced dissolved
oxygen, colour, taste and odour
problems.
More frequent monitoring of
water quality may be required.
Resource availability In situations where treatment
capacity is limited, temporary loss
or impairment to an unacceptable
aesthetic quality may result.
Dredging may be presumed to
improve intake conditions.
Utility Additional capital, maintenance
or operational costs for system
restoration may be required.
Non-budgeted costs may affect
financial basis of system
operations.
2.2
Ind
ust
ria
l
Wat
er
Pub
lic
Hea
lth
Sim
ila
r c
onc
ern
s
to
2.1
in
Sup
pli
es
res
pec
t o
f p
roc
ess
wat
ers
used in the paper, food,
dairy and beverage
industries.
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 Re
so
ur
ce
As
pe
ct
En
vi
ro
nm
en
ta
l
Co
nc
er
n
Re
ma
rk
s
Nu
is
an
ce
,
Re
so
ur
ce
Sim
ila
r
to
2.
1
Pr
oc
es
s
wa
te
rs
ava
ila
bil
ity
an
d
th
at
ar
e
of
ad
eq
ua
te
Uti
lit
y
(p
er
mi
ss
ib
le
)
qu
al
it
y
for
public supplies, do not
always meet required quality
criteria for certain
industrial uses.
2.
3
Pr
iv
at
e
Wa
te
r
Pu
bl
ic
He
al
th
Co
nc
er
ns
si
mi
la
r
to
2.
1.
Su
pp
li
es
Qu
al
it
y
cri
ter
ia
ge
ne
ra
ll
y
as
for public supplies.
Re
so
ur
ce
ava
ila
bil
ity
Wh
er
e
tr
ea
tm
en
t
ca
pa
ci
ty
is
Uti
lit
y
ve
ry
li
mi
te
d
or
no
n-
ex
is
te
nt
,
even short‘term quality
impairment may restrict use of
the resource, and if unavoidable
will require provision of a
substitute supply.
 
2.
4
Ag
ri
cu
lt
ur
al
He
al
th
Si
mi
la
r
to
2.
1.
Ce
rt
ai
n
Us
e
cr
it
er
ia
ma
y
be
mo
re
stringent than for public
water supplied for such
uses as dairy sanitation and
livestock watering.
Re
so
ur
ce
ava
ila
bil
ity
Si
mi
la
r
co
nc
er
ns
to
2.
1.
Uti
lit
y
Pr
es
en
ce
of
so
me
me
ta
l
an
d
organic constituents may
limit availability and
utility of the resource if
removal by treatment is
impractical.
3. SHORE PROPERTY
3.1
Pub
lic
pro
per
ty
Res
our
ce
ava
ila
bil
ity
Res
our
ce
can
be
aug
men
ted
by
Be
ac
he
s
Uti
lit
y
jud
ici
ous
use
of
dr
ed
ge
d
—114—
Resource Aspect
Environmental Concern
 
Remarks
Parks
Wilderness areas
Docks & Wharves
Marinas
Launching ramps
Utilities
Utilities
Nuisance Conditions
Stability
Safety
Health
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material or reduced in area
by dredging. Utility value
can thus be enhanced or
decreased, depending upon
design criteria adopted for
ultimate long—term use of
onshore and alongshore
disposal sites.
Use of dredged material as a
topsoil dressing on agriculture,
park and forest lands may
increase or depress fertility
depending upon the
concentrations of various organic
and inorganic constituents
present.
Mostly only of a short-term nature
during dredging activities.
Disposal aspects may be
incompatible with adjacent land
uses and constitute a liability or
less seriously a continuing
nuisance.
Changes in bed configuration may
lead to flow and regime changes
that affect the stability of nearby
shore property.
Reclaimed land consisting of
hydraulically-placed dredge
materials may pose a safety
hazard of short or long-term
duration. Fencing to keep the
public away until adequate
consolidation has taken place
may be necessary.
Dredged materials may contain
toxic substances, viruses and
bacteria. Infection of birds and
animals, or uptake by animals of
Re
so
ur
ce
As
pe
ct
En
vi
ro
nm
en
ta
l
Co
nc
er
n
 
Remarks
 
toxins concentrated by plant
growth may ultimately pose a
he
al
th
ha
za
rd
to
th
e
co
mm
un
it
y.
3.
2
Pr
iv
at
e
Pr
op
er
ty
Re
so
ur
ce
av
ai
la
bi
li
ty
Si
mi
la
r
to
3.
1
co
mm
er
ci
al
Ut
il
it
y
in
du
st
ri
al
Nu
is
an
ce
re
si
de
nt
ia
l
St
ab
il
it
y
ag
ri
cu
lt
ur
al
Sa
fe
ty
forestry
4. NAVIGATION
4.
1
Op
en
Wa
te
r
Re
so
ur
ce
av
ai
la
bi
li
ty
Re
so
ur
ce
us
e
mu
st
be
Ut
il
it
y
gu
ar
an
te
ed
by
oc
ca
si
on
al
capital and maintenance
dredging.
Loss of resource could
represent a major economic
loss.
Sa
fe
ty
Fa
il
ur
e
to
dr
ed
ge
wh
en
ne
ce
ss
ar
y
may impose increasing
restrictions on manoeuverability
in busy shipping lanes that could
lead to more serious economic
da
ma
ge
s
in
th
e
ev
en
t
of
co
ll
is
io
ns
an
d
po
te
nt
ia
l
fo
r
se
ri
ou
s
po
ll
ut
io
n
such as oil spills.
4.
2
Co
nf
in
ed
Re
so
ur
ce
av
ai
la
bi
li
ty
Si
mi
la
r
to
4.
1
ch
an
ne
ls
,
an
d
ut
il
it
y
harbours
an
ch
or
ag
es
,
Sa
fe
ty
Po
te
nt
ia
l
fo
r
da
ma
ge
is
turning basins,
docks and slips.
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considerably greater in areas
restricted manoeuverability
or congestion. May be important
in considerations of maintaining
and/or creating harbours of
refuge.
 Resource
Aspect
Environmental
Concern
Remarks
5. MATERIALS RECOVERY
5.1
Aggregate mining Resource availability Potential environmental concerns may limit
resource availability e.g. proximity
of fishery habitat or water intake.
Utility Loss of resource may result in
less economic or suitable
resources being mined instead
with different and potentially
greater environmental impacts.
5.2 Borrow materials Resource availability Similar to 5.1
Utility
5.3 Dredged materials Resource availability Dredged material may provide
Utility economic opportunities for
creation of new land for building,
parkland or wetlands. The utility
of this resource use should be
weighed against loss of the
resource and the environmental
concerns involved in its
utilization. Certain materials may
have potential for agricultural use
as topsoils.
6. FRESHWATER NEKTON
AND BENTHOS
6.1 Species and Ecosystem stability lmpairment of water quality
popu
lati
on*
can
resul
t fr
om
redu
ced
light penetration and consequent
loss of aquatic food production;
factors that can cause chronic
effects or acute harm through
*T
he
av
ai
la
bi
li
ty
of
th
e
re
so
ur
ce
is
al
so
of
co
nc
er
n
to
ma
n,
in
_
te
rm
s
of
qu
an
ti
ty
an
d
su
it
ab
il
it
y
to
su
st
ai
n
co
mm
er
cn
al
ha
rv
es
ti
ng
.
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Resource Aspect
Environmental Concern
 
Remarks
 
Biomagnification
potential
d
a
m
a
g
e
to
eg
gs
an
d
fr
y,
di
se
as
e,
lo
we
re
d
re
pr
od
uc
ti
ve
po
te
nt
ia
l
or
st
un
te
d
gr
ow
th
.
Be
ne
fi
ci
al
lo
ng
er
-t
er
m
ef
fe
ct
s
ca
n
be
ge
ne
ra
te
d
as
a
re
su
lt
of
re
mo
va
l
of
co
nt
am
in
at
ed
bo
tt
om
ma
te
ri
al
s
an
d
th
ei
r
su
bs
eq
ue
nt
is
ol
at
io
n
from the ecosystem.
Dr
ed
gi
ng
in
ev
it
ab
ly
de
st
ro
ys
so
me
benthos wherever bottom
ma
te
ri
al
s
ar
e
re
mo
ve
d,
an
d
at
th
e
si
te
of
op
en
wa
te
r
di
sp
os
al
ma
y
sm
ot
he
r
be
nt
ho
s
an
d
sp
aw
n.
Dredging activities therefore
require consideration of the
stability of the pre-proiect
ec
os
ys
te
m,
an
d
wh
et
he
r
pr
op
os
ed
pr
oj
ec
t
ac
ti
vi
ti
es
wi
ll
te
mp
or
ar
il
y
or permanently disturb its
st
ab
il
it
y.
Ch
an
ge
s
in
co
mm
un
it
y
sp
ec
ie
s
an
d
po
pu
la
ti
on
ma
y
be
beneficial or adverse to the
ecosystem.
Mercury conversion by
by bacteria from insoluble to
soluble forms and subsequent
asorption into the food chain is
the classic example of
biomagnification leading to
animal toxicity. Analyses of
materials to be dredged are
needed to evaluate potentials for
such forms of biomagnification.
6.
2
Ha
bi
ta
t
Re
so
ur
ce
av
ai
la
bi
li
ty
Mo
di
fi
ca
ti
on
to
sp
aw
ni
ng
gr
ou
nd
s,
nu
rs
er
y
ar
ea
s
or
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foraging locations may all be
factors of concern. Environmental
impact reviews should pay
particular attention to such
matters that are site-specific.
Each aspect can be enhanced or
damaged depending on project
conditions.
 Resource Aspect Environmental Concern Remarks
6.3 Migration of Resource availability If project is situated on a
Species migratory route, mouvements
can be affected by sensory
factors (noise, increased
turbidity etc.) physical
blockage of routes, flow
variations and/or regime
changes.
7. WILDLIFE
(BIRDS & ANIMALS)
7.1 Species and Community viability The health of the species
population‘l‘ concerned is dependent on
if the proposed dredging habitat
suitability. Thus, activities affect
the habitat, the health of wildlife
in the project area will be
affected. A likely example is the
disturbance of the food chain as
a corollary to concerns expressed
under 6 above.
Noise and general disturbance
effects may be significant in
critical areas such as parks and
bird sanctuaries.
 
Biomagnification Similar to 6.1 above. Mercury
Potential ingestion by birds through the
food chain originating with
aquatic organisms has been
traced as an example.
*T
he
ava
ila
bil
ity
of
the
re
so
ur
ce
ma
y
als
o
be
of
co
nc
er
n
in
te
rm
s
of
sui
tab
ili
ty
an
d
nu
mb
er
s
to
su
st
ai
n
co
mm
er
ci
al
ha
rv
es
ti
ng
.
7.
2
Ha
bi
ta
t
Re
so
ur
ce
av
ai
la
bi
li
ty
Th
e
re
so
ur
ce
mo
st
lik
ely
to
be
af
fe
ct
ed
by
dr
ed
gi
ng
an
d
dredged material disposal is
marshland habitat. Opportunities
appear to exist for development of
new or enlarged wetlands from
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Re
so
urc
e
Asp
ect
En
vir
on
me
nt
al
Co
nc
er
n
Re
ma
rk
s
 
judicious use of suitable dredged
material.
Damage to or disturbance of
existing habitat, including
breeding and nursery areas,
foraging range etc., are potential
factors of concern.
7.3
Mig
rat
ory
rou
tes
Res
our
ce
ava
ila
bil
ity
Ava
ila
bil
ity
of
res
our
ces
for
sta
gin
g a
rea
s a
nd
pathways on traditional migration
routes may be of concern.
6.
2
EV
AL
UA
TI
ON
TE
CH
NI
QU
ES
The
for
ego
ing
has
def
ine
d t
he
bro
ad
app
roa
ch
to
the
eva
lua
tio
n o
f e
nvi
ron
men
tal
con
cer
ns.
The
pro
ces
s o
f e
val
uat
ion
is f
urt
her
illu
stra
ted
in t
he
acti
vity
dia
gra
m p
res
ent
ed
in
Fig
ure
6-A
. T
her
efr
om,
it m
ay
be
not
ed
the
env
iro
nme
nta
l a
sse
ssm
ent
acti
viti
es
are
clo
sel
y
int
egr
ate
d w
ith
pro
jec
t p
lan
nin
g a
nd
des
ign
. T
his
pre
sum
es
som
e c
han
ge
fro
m c
urr
ent
pra
cti
ce
whe
reb
y t
he a
gen
cie
s r
esp
ons
ibl
e fo
r en
vir
onm
ent
al
pro
tec
tio
n a
re
fre
que
ntl
y f
ace
d w
ith
app
rov
al
or
rej
ect
ion
of
ess
ent
ial
ly
fina
l p
rop
osa
ls,
rat
her
tha
n c
ont
rib
uti
ng
to
the
pro
tec
tio
n a
nd
enh
anc
eme
nt
of
the
env
iro
nme
nt
thr
oug
h a
cti
ve
par
tic
ipa
tio
n a
t t
he
pla
nni
ng
sta
ge.
To
acc
omp
lis
h t
he
des
ire
d c
ons
ide
rat
ion
of
env
iro
nme
nta
l c
onc
ern
s a
t t
he
pla
nni
ng
sta
ge
may
requ
ire
stru
ctur
al a
nd
admi
nist
rati
ve c
han
ges
, a
s ar
e fu
rthe
r di
scu
sse
d i
n Ch
apt
er
7.
To
assi
st
tho
se
dire
ctly
con
cer
ned
with
the
ado
pti
on
of a
n i
nteg
rate
d a
ppr
oac
h,
a
chec
klis
t of
info
rmat
ion
need
s is
pres
ente
d in
Tabl
e 6-2
. Th
e ne
ed f
or i
nfor
mati
on r
epre
sent
ing
para
mete
rs a
nd c
hara
cter
isti
cs m
ust
be d
eter
mine
d on
a pro
ject
-spe
cifi
c ba
sis.
Once
the
reso
urce
aspe
cts
affe
cted
and
the
resp
ecti
ve e
nvir
onme
ntal
conc
erns
have
been
ident
ified
, o
ther
information requirements will be readily determined.
Info
rmat
ion
for t
he a
sses
smen
t of
dred
ging
proj
ects
incl
ude
data
and
inte
rpre
tati
ons
need
ed
to d
efin
e pr
e-pr
ojec
t co
ndit
ions
, to
eval
uate
pote
ntia
l im
pact
s a
nd t
o de
sign
spec
ific
featu
res o
f pro
ject
alter
nativ
es (to
mini
mize
delet
eriou
s imp
acts
and
enha
nce
proje
ct be
nefit
s) as
well
as to
moni
tor i
mpac
ts du
ring
and
after
proje
ct ex
ecuti
on, b
oth t
o con
trol
opera
tions
and
to
provide a consistent basis for the correlation of experience.
The data required will be determined by the specific nature of the project and from
consideration of the purposes to be served by such information. Although each project will possess
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 un
iq
ue
fea
tur
es,
the
re
ma
y b
e a
spe
cts
whi
ch
rea
son
abl
y a
pp
ro
xi
ma
te
con
dit
ion
s o
f o
the
r p
roj
ect
s.
We
ll
-d
oc
um
en
te
d
exp
eri
enc
e r
eco
rds
of
pos
ite
d i
mpa
cts
wo
ul
d f
aci
lit
ate
pre
dic
tiv
e i
nte
rpr
eta
tio
ns
wit
hin
the
con
tex
t o
f a
sit
e-s
pec
ifi
c
app
rai
sal
.
As
ha
s
be
en
dis
cus
sed
pre
vio
usl
y,
ina
deq
uat
e
do
cu
me
nt
at
io
n
of
pas
t d
red
gin
g
act
ivi
tie
s i
n t
er
ms
of
en
vir
on
me
nt
al
con
sid
era
tio
ns
an
d
of
the
ben
efi
cia
l u
ses
of
dr
ed
ge
d m
ate
ria
ls
pre
clu
des
an
y s
ign
ifi
can
t u
se
of
suc
h h
ist
ori
c r
eco
rds
as
are
ava
ila
ble
.
It m
ay
,
the
ref
ore
, b
e
exp
ect
ed
tha
t f
or
so
me
yea
rs
rat
her
mo
re
det
ail
ed
inv
est
iga
tor
y
an
d
sur
vei
lla
nce
dat
a w
ill
be
ne
ed
ed
to
ac
cu
mu
la
te
a s
ign
ifi
can
t b
od
y o
f e
xpe
rie
nce
rec
ord
s w
hi
ch
ma
y,
the
rea
fte
r,
sub
sti
tut
e i
n p
art
for
ind
ivi
dua
l p
roj
ect
inv
est
iga
tio
ns.
In
Tab
le
6-2
inf
orm
ati
on
ne
ed
s h
ave
be
en
div
ide
d i
nto
pro
jec
t d
efi
nit
ion
req
uir
eme
nts
and
spe
cif
ic
env
iro
nme
nta
l
par
ame
ter
s.
A
sel
ect
ion
of
the
lat
ter
will
usu
all
y
be
req
uir
ed
to
eva
lua
te
sit
e s
pec
ifi
c c
onc
ern
s.
Whi
lst
the
sc
op
e o
f i
nfo
rma
tio
n n
ee
ds
ind
ica
ted
in
Tab
le
62
ha
s
bee
n m
ad
e
as
com
pre
hen
siv
e a
s s
eem
s a
ppr
opr
iat
e t
o t
he
pur
pos
es
of
thi
s r
epo
rt,
it m
ust
be
ack
now
led
ged
tha
t t
her
e w
ill
ari
se
spe
cia
l c
ond
iti
ons
or
cir
cum
sta
nce
s w
hic
h a
re
not
ind
ica
ted
.
It i
s h
owe
ver
, e
xpe
cte
d t
hat
the
lis
ted
nee
ds
will
ass
ist
the
eva
lua
tor
in
det
erm
ini
ng
the
typ
es
of
inf
orm
ati
on
and
sco
pe
of
inv
est
iga
tio
n a
s m
ay
be
app
rop
ria
te
to
int
erp
ret
ati
on
of t
he
con
cer
ns
as
identified in Table 6-1.
As
has
bee
n d
isc
uss
ed
in
Sec
tio
n 5
.1.
3 t
he
ext
ens
ive
pro
gra
ms
of
res
ear
ch
cur
ren
tly
in
pro
gre
ss,
bot
h i
n t
he
Uni
ted
Sta
tes
and
Can
ada
, a
re
lik
ely
to
dev
elo
p n
ew
met
hod
olo
gie
s a
nd
tec
hni
que
s f
or
cha
rac
ter
izi
ng
env
iro
nme
nta
l c
onc
ern
s.
Thu
s i
t wi
ll
be
ess
ent
ial
for
tho
se
dir
ect
ly
con
cer
ned
wit
h d
red
gin
g a
nd
its
env
iro
nme
nta
l a
spe
cts
to
kee
p a
bre
ast
of
res
ear
ch
fin
din
gs.
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l—l Project
l-2 Dredging Site
TABLE 6—2
INFORMATION NEEDS
PART I — PROJECT DEFINITION
Information
location of dredging
purpose
volume of material to be dredged
frequency of dredging — future — past
location of disposal site(s)
alternative use(s) of dredged material in area
schedule
proposed plant and operating procedures.
limits of dredging
bathymetry
exposure and wave climate
currents
proximate shoreline(s)
- configuration
— uses
— current
— planned
- ownership
site uses
— commercial navigation
recreational boating
water sports
fishing
— other
sediment sources
- upland drainage
~ littoral drift and shoreline erosion
— depth and rate of recent accumulation
contaminant sources
— point sources and nature
— diffuse upland sources and nature
-
se
as
on
al
va
ri
at
io
ns
in
lo
ad
in
gs
benthos and nekton
— species
—
a
b
u
n
d
a
n
c
e
an
d
di
ve
rs
it
y
wildlife
— species
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 l-3 Open—water
l—4 Unconfined
- abundance and diversity
~
sed
ime
nt
cla
ssi
fic
ati
on
(di
ffe
ren
tia
te
rec
ent
fro
m
old
er,
undisturbed materials).
— physical
—
en
gi
ne
er
in
g
(fo
r
de
si
gn
of
pl
an
ne
d
fil
ls)
— biological and chemical
— oxygen demands
— nutrients
— toxins
Disposal Site
location and limits
exposure and wave climate
bathymetry
currents
proximate features
shoreline(s)
water supply intakes
fish spawning beds
fish nursery areas
fish migratory routes
frequency of use
benthic community
— species
- population
nekton
— species
— population
use of site environs
- navigation
— fishing
— other
depth of thermocline (include seasonal variations)
bottom sediment—water interface zone,
- physical
- chemical
— biological
water quality (ambient conditions indicative of
stratified variations)
- phytoplankton
— zooplankton
disposal site (foreshore or upland)
— location
— exposure ~ (wave climate/winds).
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 — littoral currents
— site and proximate environs
— topography
drainage
groundwater table and connections
property ownership
land use — current
- planned
— frequency of use for disposal operation
- shoreline stability
— erosion zones
— excavation zones
— access
— water
— land
— planned elevations
— planned use
— beach nourishment
— wetlands
— landfill
— additional requirements for any of
above (landscaping, planting, etc.)
— flora and fauna
— phytoplankton
— zooplankton
— benthos
— nekton
— wildlife
— lake level variations
— seasonal
— long—term
l—5 Confined Disposal Site
— location
— exposure and wave climate
— access
— water
— land
—
si
te
an
d
pr
ox
im
at
e
en
vi
ro
ns
— topography
— drainage
- groundwater table
—
in
te
r-
co
nn
ec
ti
on
s
to
su
rf
ac
e
- property ownership
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 — land use — current
— planned
— foundation conditions
— flora and fauna
— capacity proposed
— d
ura
tio
n
and
fre
que
ncy
of
usa
ge
for
con
tai
nme
nt
ope
rat
ion
s
— design aspects
— dykes
l
- capacity —
— control of -
stability
control of erosion (lakeside riprap,
landside vegetation)
control of seepage
freeboard and settlement
allowance for bulking
detention time for supernatant
drainage
depth of detention waters
internal drainage
dust
access during consolidation
plant growth
birds and animals (if toxins
liable to bioconcentration).
odours
— planned site development and ultimate usage
consolidation rates and bearing
strength
landscaping and aesthetic
considerations
PART II — ENVIRONMENTAL EVALUATION PARAMETERS
ll—l
and design purposes)*
— grain—size distribution
- bulk density
- dry density
— water content
— liquid limit
- plastic limit
— mineralogy
- organic matter content
Phy
sic
al
pro
per
tie
s o
f s
edi
men
tar
y d
epo
sit
s (
for
cla
ssi
fic
ati
on
- coefficient of active soil pressure
— coefficient of passive soil pressure
— settleability in water
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 ll~2
Engineering
properties
of
sedimentary
deposits
(for
design
of planned landfills)
— plasticity index
— liquidity index
— permeability
— void ratio
— shear strength
— undrained shear strength — undisturbed
— undrained shear strength — remoulded
— cohesion
— angle on internal friction
— unconfined compressive strength
— bearing capacity
— consolidation and settlement
— coefficient of volume change
— coefficient of consolidation
— time rate of consolidation
ll—3 Biological and chemical parameters“=
(as related to open water quality, sediments and the
interstitial water within the active biologic zone of bottom
substrata as well as to supernatant and leachate drainage
from landfills)
Physical and General
— COD
- colour
— dissolved oxygen
— Eh — (of bottom surface substrate)
— odour
— suspended solids
— taste
— temperature
— turbidity
— pH (range)
- volatile solids
Radioactivity
— gross Beta activity
— radium — 226
— strontium - 9O
 
Microbiologic
— algae
— clostridia
—127—
 enterococci
faecal coliforms
faecal streptococci
mould
pr
ot
eo
ly
ti
c
an
d/
or
li
po
ly
ti
c
ba
ct
er
ia
total bacteria
yeast
Physiologic
-
to
xi
ci
ty
—
me
di
an
to
le
ra
nc
e
li
mi
t
(T
LS
O
or
LC
SO
)
—
ph
ys
io
lo
gi
c
ef
fe
ct
s
(a
ct
iv
it
y,
sp
aw
ni
ng
,
gr
ow
th
)
- bioconcentration
— biomagnification
In
or
ga
ni
c
Ch
em
ic
al
s
an
d
He
av
y
Me
ta
ls
aluminum
ammonia (as N)
arsenic
barium
beryllium
boron
cadmium
chloride
chromium (hexavalent)
cobalt
copper
fluoride
iron
lead
lithium
manganese
mercury
molybdenum
nickel
nitrate plus nitrite (as N)
phosphorus
potassium
residual sodium carbonate
selenium
silica
silver
sodium absorption ratio
sulphate
total dissolved solids
total hardness (as CAC03)
uranyl ion
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 — vanadium
— zinc
Organic Chemicals
— carbon chloroform extract
— cyanide
— fungicides
— herbicides
— insecticides
— methylene blue active substances (ABS, LAS etc.)
— oil and grease
— phenolic substances
— rodenticides
— total organic carbon
Soil mechanics terms are usually defined as presented in “Standard Definition of Terms and
Symbols Relating to Soil Mechanics” American Society for Testing and Material
Specifications D653-64. Geologic terms are defined as in “Glossary of Geology and Related
Sciences" NAS-NRC Publication 501 (1957) published by the American Geological
Institute.
Labo
rato
ry a
nd f
ield
soil
mech
anic
s te
sts a
re u
sual
ly p
erfo
rmed
to th
e ap
prop
riat
e Ca
nadi
an
Stan
dard
s As
soci
atio
n Co
de o
r Am
eric
an S
ocie
ty f
or T
esti
ng a
nd M
ater
ial
Spec
ific
atio
n. I
f
suc
h a
re n
ot
avai
labl
e, t
ests
are
con
duc
ted
as d
escr
ibed
in r
ecog
nize
d en
gine
erin
g te
xts.
Spec
ific
wat
er q
uali
ty g
uide
line
s, c
rite
ria
and
/or
sta
nda
rds
are
prov
ided
by
juri
sdic
tion
al
aut
hor
iti
es
for
wat
er
sup
ply
(do
mes
tic
and
indu
stri
al),
for
bod
y c
ont
act
spor
ts,
mai
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nan
ce
of f
ish
eri
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abi
tat
, et
c. T
he
rel
eva
nt f
eder
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nd
sta
te/
pro
vin
cia
l r
efe
ren
ce
sou
rce
s, a
s li
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her
eun
der
, s
hou
ld
be
rev
iew
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as
app
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and
age
ncy
sou
rce
s c
hec
ked
for
add
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and
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 During
the next
few years
the results of basic
research
investigations initiated
concurrently with the studies of the Working Group will be brought to a conclusion. At this time
it is not possible to predict the results which may ensue. However, it is likely that, as the weight
of evidence accumulates from these research programs, a sounder scientific basis will be
established for evaluation of many concerns which at present must be determined from
experience judgement. Nevertheless, the Working Group is of the opinion that the effective
formulation and evaluation of projects will continue to require the application of experience and
sound judgement to achieve a consistent and compatible approach, as is desired between the
various jurisdictions and agencies having responsibility for dredging activities.
Public participation in the evaluation processes is required by some jurisdictions and
is optional in others. This aspect is not of direct concern to the Working Group, although it
acknowledges the specific responsibility for public involvement placed upon the U.S.
Environmental Protection Agency. Nothing herein should be seen as excluding appropriate public
participation as required by the different authorities: however, as the requirements differ,
responsibility for determining appropriate action in this regard is left to those directly
responsible.
As has been discussed elsewhere in this report, many impacts are conceptualized but
cannot be rigorously evaluated on a site-specific basis. Hence in the activity diagram of Figure 6-A
a feedback-loop expressing the “experience knowledge” gained through project surveillance and
monitoring as well as from ex postevaluation of conditions is indicated. It still seems probable
that the significance of many of the identified impacts can only be consistently evaluated if
opportunities to measure impacts have been recognized and the experience is systematically
recorded.
Many aspects, such as those relating to long-term impacts, aesthetic values and
similar intangibles will remain unquantifiable. Although there are various approaches to
evaluation of such concerns between project alternatives, one which commends itself to the
Working Group is the use of an environmental matrix in which the judgement of various
professionals can be applied on a systematic and consistent basis. One form of such a matrix
evaluation is described hereinafter.
6.2.l Environmental Impact Matrix
The
eval
uati
on
of e
nvi
ron
men
tal
imp
act
s r
equi
res
ass
ess
men
t o
f a
com
ple
x o
f
inte
rdep
ende
nt
facto
rs.
Even
thou
gh t
he l
inka
ges
betw
een
such
fact
ors
and
their
pote
ntia
l
impa
cts a
re un
ders
tood
most
cann
ot re
adily
be de
fined
as qu
antit
ative
terms
. The
refor
e, as
an
aid
to
eva
lua
tio
n t
he
Cor
ps
of
Eng
ine
ers
hav
e d
eve
lop
ed
the
mat
rix
con
cep
t t
o a
ssis
t i
n a
sys
tem
ati
c
and
con
sis
ten
t a
ppr
oac
h
to
eva
lua
tin
g e
nvi
ron
men
tal
imp
act
s b
etw
een
prO
jec
t
alternatives.
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 The
mat
rix
pre
sen
ted
in T
abl
e 6
-3
has
bee
n a
dap
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use
in c
omp
ari
ng
alt
ern
ati
ves
for
a d
red
gin
g/d
isp
osa
l
pro
jec
t f
ro
m t
he
ap
pr
oa
ch
dev
elo
ped
by
the
Co
rp
s
in
the
ir
stu
dy
of
the
Mis
sis
sip
pi
Riv
er-
Ill
ino
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wat
erw
ay.
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usi
ng
the
mat
rix
the
var
iou
s e
nvi
ro
nm
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ta
l
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ect
s a
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rat
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a n
ume
ric
al
sca
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whi
ch
ha
s a
n i
ndi
cat
ed
ran
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fr
om
O t
o +
5 a
nd
fr
om
O
to
-5.
(Th
is
ra
ng
e m
ay
be
ex
pa
nd
ed
or
con
tra
cte
d d
ep
en
di
ng
up
on
the
deg
ree
of
ref
ine
men
t c
ons
ide
red
to
be
war
ran
ted
in
spe
cif
ic
eva
lua
tio
ns.
) T
he
bas
eli
ne
is
rep
res
ent
ed
by
exi
sti
ng
con
dit
ion
s a
nd
co
rr
es
po
nd
s t
o a
sca
le
val
ue
of
zer
o.
Th
e v
alu
e a
ssi
gne
d t
o e
ac
h i
ndi
cat
or
rep
res
ent
s t
he
rel
ati
ve
imp
rov
eme
nt
or
det
eri
ora
tio
n
fro
m t
he
bas
eli
ne
con
dit
ion
. T
hus
imp
act
s
rat
ed
as
i1
wou
ld
rep
res
ent
a s
lig
ht
cha
nge
, i
3
a m
ode
rat
e l
eve
l o
f i
mpa
ct
and
i5
a s
eve
re
deg
ree
of
cha
nge
.
Tw
o
seg
men
ts
are
pro
vid
ed
in
eac
h m
atr
ix
box
, t
he
upp
er
left
for
val
uin
g s
hor
t-t
erm
imp
act
s
and
the
low
er
rig
ht
por
tio
n
for
ass
ess
men
t
of
lon
ger
-te
rm
eff
ect
s.
In
eva
lua
tin
g t
he
var
iou
s
asp
ect
s c
ons
ide
rat
ion
sho
uld
be
giv
en
to
the
ove
ral
l i
mpa
ct
of
eac
h
alt
ern
ati
ve.
For
exa
mpl
e,
wh
en
con
sid
eri
ng
fis
h h
abi
tat
wei
ght
sho
uld
be
giv
en
to
all
the
eff
ect
s o
f a
giv
en
alt
ern
ati
ve
on
all
asp
ect
s o
f t
he
life
cyc
le.
Thu
s o
ne
alt
ern
ati
ve
mig
ht
be
fou
nd
to
pro
vid
e a
pos
iti
ve
val
ue
for
imp
rov
eme
nt
for
spa
wni
ng
con
dit
ion
s a
nd
at
the
sam
e t
ime
a n
ega
tiv
e i
mpa
ct
mig
ht
imp
ing
e
upo
n
so
me
asp
ect
of
the
sup
por
tin
g f
ood
cha
in.
The
val
uat
ion
ind
ica
ted
sho
uld
be
de
te
rm
in
ed
for
th
e w
ei
gh
te
d
ove
ral
l
im
pa
ct
.
The
num
eri
cal
eva
lua
tio
n w
hic
h is
der
ive
d f
rom
use
of t
he
mat
rix
app
roa
ch
is o
nly
one
ste
p i
n t
he
dec
isi
on
pro
ces
s a
nd
bot
h t
he
adv
ant
age
s o
f a
sys
tem
ati
c a
ppr
oac
h a
nd
the
obv
iou
s
lim
ita
tio
ns
sho
uld
be
rec
ogn
ize
d.
Sin
ce
int
er—
dis
cip
lin
ary
exp
ert
ise
is i
nvo
lve
d i
n t
he
sev
era
l
asp
ect
s t
o b
e c
ons
ide
red
, a
gam
ing
app
roa
ch
is s
ugg
est
ed
to m
ini
miz
e b
ias.
Not
eve
ry
pro
jec
t wi
ll
nec
ess
ita
te
suc
h e
val
uat
ion
; h
owe
ver
, w
her
e v
iab
le
pro
jec
t a
lte
rna
tiv
es
req
uir
e c
omp
ari
son
,
ada
pta
tio
n o
f t
he
mat
rix
app
roa
ch
may
be
of
ass
ist
anc
e.
Gui
del
ine
s f
or
ass
ess
ing
spe
cif
ic
indicators follow hereunder.
Lan
d F
orm
s I
sla
nds
- de
ter
min
ati
on
bas
ed
upo
n p
erc
ent
age
of
loss
thr
oug
h d
red
gin
g o
r
anticipated gain by spoil disposal.
Shoreline - determination based upon linear change.
Sub-
aque
ous
Bott
om
- de
term
inat
ion
base
d u
pon
poll
utio
n ab
atem
ent
potential taking into account the physical and chemical
classification of bottom sediments, circulation currents and
sediment and pollutant sources.
Lan
d U
se
Resi
dent
ial
- de
ter
min
ati
on
of p
erc
ent
age
cha
nge
in a
vail
able
shor
elin
e pr
oper
ty
and quality.
Commercial/Industrial - as above.
Recreation/Conservation - determination as above
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I
I
N
u
H H
J
TABLE 6—3
Matrix
for
Evaluation
of
Environmental
Impacts
Dredging/Disposal Project
Land Forms —
=x=====n===========z
Islands
========n==sl=un=xtn===I‘=nn-=s--§===-na
1
P
r
o
j
e
c
t
A
l
t
e
r
n
a
t
i
v
e
N
o
.
P
r
o
j
e
c
t
A
l
t
e
r
n
a
t
i
v
e
2
N
o
.
P
r
o
j
e
c
t
A
l
t
e
r
n
a
t
i
v
e
3
N
o
.
.
.
-
.
.
.
.
.
  
Shoreline
Sub—Aqueous Bottom
Land Use —
Residential
 
Commercial/Industrial
Recreation/Conservation
Water —
Surface Area
Littoral Zone (0 — 20m depth)
P
h
y
s
i
c
a
l
—
C
h
e
m
i
c
a
l
I
n
d
i
c
a
t
o
r
s
I
I
!
M h H
u
=========ux====szgs= —
Vegetation —
Quality
Terrestrial (trees, shrubs)
Water—tolerant (trees, shrubs)
Aquatic (submergent, emergent,
floating)
Wildlife —
Habitat
Terrestrial animals and land birds
I
n
d
i
c
a
t
o
r
s
Semi—aquatic animals
Waterfowl & Shorebirds
Aqueous —
Habitat
Sport fish
B
i
o
l
o
g
i
c
a
l
Commercial fish
Benthic Organisms
Plankton
Recreation — Boating
Hunting
Fishing
I
n
d
i
c
a
t
o
r
s
Body Contact Sports (swimming,
water skiing)
C
u
l
t
u
r
a
l
Aesthetics —
Scenic views and vistas
Wilderness qualities
Open—space qualities
Unique Physical Features
Short—term
impact
 
     
a. Total (+)
b. Total (—)
Index (a 8 b)
 
 
 
(-) (+)
- 5-(——— 0 -—€> 5
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Water
Vegetation
 
Wildlife
Habitat
Aqueous
Habitat
Su
rf
ac
e
Ar
ea
-
de
te
rm
in
at
io
n
by
pe
rc
en
ta
ge
of
in
cr
ea
se
or
de
cr
ea
se
.
Li
tt
or
al
Zo
ne
- d
et
er
mi
na
ti
on
by
pe
rc
en
ta
ge
of
in
cr
ea
se
or
de
cr
ea
se
.
Qu
al
it
y
- d
et
er
mi
na
ti
on
ba
se
d
up
on
po
ll
ut
io
n
ab
at
em
en
t
po
te
nt
ia
l.
Te
rr
es
tr
ia
l
Sp
ec
ie
s
- d
et
er
mi
na
ti
on
by
pe
rc
en
ta
ge
of
in
cr
ea
se
or
de
cr
ea
se
of
te
rr
es
tr
ia
l
tr
ee
sp
ec
ie
s
on
sh
or
el
in
e
an
d
is
la
nd
s.
Wa
te
r-
to
le
ra
nt
Sh
ru
bs
-
de
te
rm
in
at
io
n
by
pe
rc
en
ta
ge
of
in
cr
ea
se
or
decrease.
Em
er
ge
nt
Aq
ua
ti
cs
-
de
te
rm
in
at
io
n
by
pe
rc
en
ta
ge
af
fe
ct
ed
by
wa
te
r
depth.
Su
bm
er
ge
d
Aq
ua
ti
cs
- p
er
ce
nt
of
ch
an
ge
an
ti
ci
pa
te
d
be
ca
us
e
of
ph
ys
ic
al
ch
an
ge
in
wa
te
r
de
pt
h,
cu
rr
en
t
sp
ee
d,
et
c.
Te
rr
es
tr
ia
l
An
im
al
s
—
co
ns
id
er
in
g
th
e
ex
is
ti
ng
po
pu
la
ti
on
as
st
at
ic
,
de
te
rm
in
at
io
n
ma
de
on
ly
on
ba
si
s
of
lo
ss
or
ga
in
in
ha
bi
ta
t.
Te
rr
es
tr
ia
l
Bi
rd
s
- d
et
er
mi
na
ti
on
ma
de
on
lo
ss
of
ha
bi
ta
t
v g
am
e,
pr
ed
at
or
an
d
so
ng
bi
rd
s
sp
ec
ie
s
- m
ig
ra
to
ry
an
d
in
di
ge
no
us
.
Se
mi
-a
qu
at
ic
An
im
al
s
- d
et
er
mi
na
ti
on
ma
de
es
se
nt
ia
ll
y
as
ab
ov
e
ma
y
be
re
st
ri
ct
ed
to
va
lu
ab
le
sp
ec
ie
s
su
ch
as
be
av
er
,
mi
nk
an
d
mu
sk
ra
t.
Wa
te
rf
ow
l
- d
et
er
mi
na
ti
on
to
ref
lec
t c
ha
ng
e
in
ha
bi
ta
t.
Sh
or
e
an
d
Ma
rs
h
Bi
rd
s
— d
et
er
mi
na
ti
on
to
ref
lec
t c
ha
ng
e
in
ha
bi
ta
t.
Sp
or
t
Fi
sh
—
de
te
rm
in
at
io
n
ba
se
d
up
on
all
ha
bi
ta
t
re
qu
ir
em
en
ts
(i.
e.
sp
aw
ni
ng
,
fe
ed
in
g,
etc
.)
Co
mm
er
ci
al
Fis
h
- d
et
er
mi
na
ti
on
ba
se
d
up
on
all
ha
bi
ta
t
re
qu
ir
em
en
ts
.
Fo
ra
ge
an
d
Tr
as
h
Fis
h
- s
am
e
as
ab
ov
e
wi
th
att
ent
io
n
to
pel
agi
c
species.
Ben
thi
c O
rg
an
is
ms
- r
ela
tiv
e d
ete
rmi
nat
ion
ba
se
d u
po
n c
ha
ng
e i
n a
qua
tic
hab
ita
t -
to
inc
lud
e a
ll
kn
ow
n f
orm
s (
i.e.
aqu
ati
c i
nse
cts
, m
uss
els
,
snails, etc.)
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 Recreation
Aesthetics
Plankton
- determination
based upon
anticipated change
in species
composition and abundance (Le. diatoms in open water, chlorella
and blue-green in slack water).
Boating - determination based
upon expanded
or reduced quality
opportunities; to include safety, manoeuvreability, etc.
Hunting - determination based upon change in hunting patterns and
opportunities.
Fishing - determination based upon expanded or reduced quality
opportunities.
Body Contact Sports - determination only upon degree of quality
opportunities for swimming, water skiing, etc.
Scenic Views & Vistas ~ arbitrary determination based upon degree of
diversity.
Wilderness Quality - based upon extent and scope - also accessibility.
Open Space Quality - determination as to spatial relationship of users.
Unique Physical Features - determination based upon loss or gain of
special land forms, and loss of significant archaeologic sites.
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 7.0 DEFICIENCIES
Me
nt
io
n
ha
s
be
en
ma
de
in
Se
ct
io
n
6.
2 o
f t
he
ne
ed
for
an
in
te
gr
at
io
n
of
en
vi
ro
nm
en
ta
l
ev
al
ua
ti
on
wit
h
th
e
pl
an
ni
ng
an
d
de
si
gn
of
dr
ed
gi
ng
pro
jec
ts.
Th
at
thi
s i
s e
sse
nti
al
to
ac
hi
ev
in
g
th
e
de
si
re
d
pro
tec
tio
n
an
d
en
ha
nc
em
en
t
of
the
en
vi
ro
nm
en
t
an
d
op
ti
mi
zi
ng
so
ci
o-
ec
on
om
ic
ben
efi
ts
sh
ou
ld
be
ap
pa
re
nt
.
Ho
we
ve
r,
the
pr
es
en
t
fun
cti
ona
l
or
ga
ni
za
ti
on
an
d
ad
mi
ni
st
ra
ti
ve
ar
ra
ng
em
en
ts
of
go
ve
rn
me
nt
ag
en
ci
es
te
nd
s
to
pla
ce
res
pon
sib
ili
ty
for
th
e
pro
tec
tio
n
of
th
e
en
vi
ro
nm
en
t
wit
h
reg
ula
tor
y
ag
en
ci
es
wh
ic
h
are
dif
fer
ent
fr
om
th
e
ex
ec
ut
in
g
ag
en
ci
es
usu
all
y
co
nc
er
ne
d
wi
th
th
e
pl
an
ni
ng
an
d
de
si
gn
of
pro
jec
ts.
Qu
it
e
ob
vio
usl
y t
he
reg
ula
tor
y a
ge
nc
ie
s
co
ul
d
no
t
be
co
me
dir
ect
ly
re
sp
on
si
bl
e f
or
th
e
pl
an
ni
ng
an
d
de
si
gn
of
pro
jec
ts
wi
th
ou
t
je
op
ar
di
zin
g
the
ir
obj
ect
ivi
ty
in
ad
mi
ni
st
er
in
g
the
ir
re
gu
la
to
ry
res
pon
sib
ili
tie
s,
al
th
ou
gh
thi
s
sh
ou
ld
no
t
pr
ec
lu
de
the
ir
as
si
st
an
ce
in
pr
ov
id
in
g
in
fo
rm
at
io
n,
ex
pe
ri
en
ce
da
ta
an
d
int
erp
ret
ati
ons
to
th
e p
ro
po
ne
nt
ag
en
ci
es
, o
r p
riv
ate
dev
elo
per
s.
Mo
re
ov
er
,
th
e
re
gu
la
to
ry
ag
en
ci
es
sh
ou
ld
be
co
me
in
vo
lv
ed
at
a
mu
ch
ear
lie
r
st
ag
e
in
th
e
pre
lim
ina
ry
rev
iew
an
d
scr
een
ing
of
pro
jec
ts
an
d
pr
og
ra
ms
to
avo
id
un
ne
ce
ss
ar
y d
upl
ica
tio
n
of
inv
est
iga
tor
y
eff
ort
s o
r t
he
pur
sui
t o
f c
lea
rly
un
ac
ce
pt
ab
le
pro
pos
als
.
Pro
jec
t
pr
op
on
en
t
age
nci
es
mu
st
pro
vid
e
app
rop
ria
te
tec
hni
cal
co
mp
et
en
ce
in
en
vir
on
me
nt
al
dis
cip
lin
es
to
en
sur
e t
he
rec
ogn
iti
on
of
pot
ent
ial
ly
del
ete
rio
us
imp
act
s
an
d
the
ad
ju
st
me
nt
of
pr
op
os
al
s
to
ac
hi
ev
e
ap
pr
op
ri
at
e e
nv
ir
on
me
nt
al
pro
tec
tio
n.
Th
e
for
ego
ing
lea
ds
to
a
rel
ate
d
are
a o
f c
on
ce
rn
to
the
reg
ula
tor
y a
gen
cie
s
an
d
the
exe
cut
ing
age
nci
es.
Alt
hou
gh
mo
st
dre
dgi
ng
is
un
de
rt
ak
en
as
go
ve
rn
me
nt
-s
po
ns
or
ed
act
ivi
ty
in
sup
por
t o
f n
avi
gat
ion
, t
he
an
nu
al
pr
og
ra
mm
in
g
cyc
le
ha
s p
erp
etr
ate
d a
sit
uat
ion
wh
er
eb
y
ma
ny
ma
in
te
na
nc
e
pro
jec
ts
are
ide
nti
fie
d
in
the
sa
me
yea
r
as
pr
op
os
ed
for
exe
cut
ion
.
As
a
co
ns
eq
uen
ce
, t
he
reg
ula
tor
y a
gen
cie
s a
re
fac
ed
wit
h t
he
tas
k o
f a
ppr
ovi
ng
or
rej
ect
ing
pr
op
os
ed
pro
jec
ts
wit
hin
an
unr
eal
ist
ic
tim
e f
ram
ewo
rk.
Any
mod
ifi
cat
ion
to
pro
jec
t p
rop
osa
ls
ten
ds
to
be
of
an
ad
hoc
nat
ure
, i
nte
nde
d t
o a
voi
d t
he
mo
re
ser
iou
s e
nvi
ron
men
tal
pro
ble
ms
but
cer
tai
nly
not
inv
olv
ing
ser
iou
s c
ons
ide
rat
ion
of
the
full
ran
ge
of
pot
ent
ial
ben
efi
cia
l
use
s
of
the
dre
dge
d
mat
eri
al
whi
ch
ma
y
be
ava
ila
ble
nor
of
per
man
ent
rem
edi
al
wor
ks
to
red
uce
or
eli
min
ate
maintenance dredging requirements.
The
maj
ori
ty
of
maj
or
cap
ita
l d
red
gin
g r
equ
ire
men
ts
for
nav
iga
tio
n a
re
kn
ow
n m
uc
h
fur
the
r i
n a
dva
nce
of r
equ
ire
d e
xec
uti
on.
Thu
s,
pro
gra
m p
lan
nin
g p
roc
edu
res
sho
uld
be
ada
pte
d
to p
rov
ide
suff
icie
nt l
ead
tim
e fo
r th
e i
nve
sti
gat
ion
and
eva
lua
tio
n o
f al
ter
nat
ive
s a
nd
are
ess
ent
ial
to t
he
ado
pti
on
of a
mul
ti-
pur
pos
e a
ppr
oac
h.
It i
s r
eco
mme
nde
d t
hat
adm
ini
str
ati
ve c
han
ges
, a
s
req
uir
ed,
be
ado
pte
d t
o p
rov
ide
a f
orw
ard
ind
ica
tio
n o
f al
l d
red
gin
g r
equ
ire
men
ts
on
a r
unn
ing
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—five—year basis, and a minimum
of at least two years lead time between initiation of detailed
project formulation
and
execution. Under
such
procedures,
it will be incumbent
upon
the
regulatory agencies to recognize their responsibilities for supporting any investigations they may
require on a compatible schedule and for making all relevant background information available
in good time to the project proponents.
The financing of dredging projects must also be addressed. lf the principle that
environmental protection be considered as an element in the evaluation of a project which must
also aim at maximizing net socio-economic benefits is accepted, it will be essential to determine
the basis for cost allocations between purposes and to develop a workable basis for project
financing.
It will be recognized that the majority of dredging activities are primarily intended for
the maintenance and improvement of navigation facilities. The use of dredged materials to create
a wildlife facility for example, may, in a particular situation, provide an acceptable means for
disposal of dredged material which increases the net benefits to society. However, the new facility
may also increase the project cost to the proponent agency. Moreover, it may not rank highly in
the priorities of the agency responsible for such facilities. It the dredging cannot be postponed,
the wildlife agency, possibly of another administrative jurisdiction, may be the accidental
beneficiary of a facility for which it has not budgeted funds, either for supplementary amenities
or for operational management.
The introduction of a longer planning cycle will assist in resolving some such conflicts
between uses of dredge material. However, the question of financing, and of continuing
responsibility for disposal facilities requires further consideration at the administrative levels in
the different jurisdictions.
Even though environmentally acceptable determinations may be carried out and
integrated into project design, it appears from recent experience that there will be a continuing
need for close supervision during the project execution phase by boththe proponent and the
regulatory agencies to ensure that the intent is achieved. This requirement may be reduced as
field personnel and contractors become familiar with environmental requirements. However, for
some time it will be desirable to provide surveillance by qualified personnel to accumulate
definitive experience data.
An intensive research program is continuing. (See Appendix C.) Amongst other aspects
these investigations include development of new dredging plant, operational procedures and the
i processing of dredged material, and constitute important areas for which there are current
shor
tcom
ings
in spe
cific
evalu
ation
criter
ia. It
may
well b
e use
ful t
o sup
plem
ent r
egula
r exc
hang
es
of in
forma
tion
by t
echni
cal w
orks
hops
or se
mina
rs a
t whi
ch t
he re
gulat
ory
and
prop
onen
t
age
nci
es
cou
ld
rev
iew
an
d
eva
lua
te
tec
hno
log
ic
dev
elo
pme
nts
.
l
l
!
Wit
hin
the
con
tex
t of
the
Can
adi
an
situ
atio
n,
att
ent
ion
has
bee
n d
raw
n i
n C
hap
ter
2
1
to
the
prol
ifer
atio
n o
f l
aws,
both
fede
ral
and
prov
inci
al,
whi
ch
mig
ht
be
util
ized
to c
ontr
ol
env
iro
nme
nta
l
asp
ect
s o
f d
red
gin
g o
per
ati
ons
. I
t m
ust
als
o b
e p
oin
ted
out
tha
t t
he
NaV
iga
ble
Wat
ers
Pro
tec
tio
n A
ct
doe
s n
ot d
irec
tly
bin
d t
he
Fed
era
l o
r P
rov
inC
Ial
Cro
wn
in t
he
sam
e w
ay
as
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 do
es
th
e
Fi
sh
er
ie
s
Act
.
Th
e
ap
pr
op
ri
at
en
es
s
of
th
e
Na
vi
ga
bl
e
Wa
te
rs
Pr
ot
ec
ti
on
Ac
t
for
th
e
pr
ot
ec
ti
on
of
th
e
en
vi
ro
nm
en
t
is
al
so
qu
es
ti
on
ed
in
vi
ew
of
its
pu
rp
os
e
wh
ic
h
de
ri
ve
s
sol
ely
fr
om
th
e
in
te
nt
to
pr
ot
ec
t
na
vi
ga
ti
on
.
Th
es
e,
an
d
ot
he
r
qu
es
ti
on
s
of
leg
al
re
qu
ir
em
en
ts
,
sh
ou
ld
pr
es
um
ab
ly
be
re
vi
ew
ed
in
det
ail
aft
er
th
e
pr
ac
ti
ca
l
im
pl
ic
at
io
ns
of
th
e
ap
pl
ic
at
io
n
of
gu
id
el
in
es
as
re
co
mm
en
de
d
he
re
in
ha
ve
be
en
as
se
ss
ed
an
d
as
th
e
en
vi
ro
nm
en
ta
l
as
se
ss
me
nt
an
d
re
vi
ew
pr
oc
ed
ur
es
at
th
e
fe
de
ra
l
lev
el,
as
wel
l
as
fo
rt
hc
om
in
g
On
ta
ri
o
leg
isl
ati
on
on
en
vi
ro
nm
en
ta
l
pr
ot
ec
ti
on
,
ar
e
re
co
nc
il
ed
as
to
ad
mi
ni
st
ra
ti
ve
pr
oc
ed
ur
es
.
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 8.0 CONCLUSIONS
Great Lakes dredging activities to maintain navigable depths in main channels and
commercial ports, to improve and extend small boat harbours and to recover materials for
construction purposes must continue. Currently, these activities involve removal of about 10
million cubic metres annually and it is anticipated that dredging of at least this volume will
continue indefinitely.
Much of the maintenance dredging is for removal of deposits in protected harbours.
Despite the joint programs of the United States and Canada to reduce point-sources of
contaminants, it is expected that such deposits will continue to exhibit significant levels of cultural
pollution deriving from diffuse sources which are less amenable to direct control. it is anticipated,
therefore, that potentially harmful levels ofcontaminants will continue to be present at many
dredging locations.
Until the recent past, no special concern was identified in connection with dredging
operations, and it was common practice to dispose of the dredged materials at open-water sites
or the nearest convenient lands and swampy areas. More recently environmental concerns have
led to the protection of remaining wetlands habitat and the banning of open‘water disposal of
materials classified as polluted.
Current criteria adopted by the US EPA and Ontario Ministry of the Environment for
the classification of dredged materials, however, have not been correlated with the physical and
chemical processes which actually occur in the lacustrine environment. Environmental
consi
derat
ions
and
conce
rn o
ver t
he ri
sing
costs
of dr
edgin
g un
der
const
raint
have
spurr
ed
inves
tigat
ions
whic
h ar
e le
ading
to a
bette
r un
ders
tand
ing
of th
e La
ke e
nvir
onme
nts
and
ecos
yste
ms a
nd of
the p
otent
ial s
tress
es wh
ich m
ay b
e im
pose
d by
dredg
ing o
perat
ions.
At th
e
pre
sen
t ti
me,
this
inve
stig
ator
y pr
ogr
am
is we
ll u
nde
rwa
y,
but
has
not
pro
gre
sse
d to
a st
age
of
prov
idin
g a
comp
rehe
nsiv
e un
ders
tand
ing
from
whic
h sp
ecifi
c cr
iteri
a ca
n be
deve
lope
d. I
t is
app
are
nt
tha
t t
he
var
iat
ion
s i
n e
col
ogi
cal
and
env
iro
nme
nta
l
sit
uat
ion
s
vir
tua
lly
pre
clu
de
ad
op
ti
on
of
a
si
ng
le
set
of
cri
ter
ia
of
un
iv
er
sa
l
ap
pl
ic
at
io
n.
it
ap
pe
ar
s,
the
ref
ore
, a
pp
ro
pr
ia
te
to
re
co
gn
ize
th
es
e c
om
pl
exi
ti
es
an
d
to
est
abl
ish
, a
s
co
mp
at
ib
le
gui
del
ine
s f
or
the
des
ign
an
d c
ont
rol
of
dre
dgi
ng
ope
rat
ion
s,
a b
aSI
C a
pp
ro
ac
h i
n w
hic
h
all
of
th
e
sit
e—s
pec
ifi
c
co
nc
er
ns
rel
ati
ng
to
a
pa
rt
ic
ul
ar
pr
oj
ec
t a
re
ev
al
ua
te
d.
Mo
re
ov
er
,
it
se
em
s
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 ess
ent
ial
to
re
co
gn
iz
e t
hat
op
po
rt
un
it
ie
s a
re
oft
en
ava
ila
ble
wh
ic
h w
ill
all
ow
th
e u
se
of
th
e d
re
dg
ed
ma
te
ri
al
to
cr
ea
te
am
en
it
ie
s o
r f
aci
lit
ies
in
en
vi
ro
nm
en
ta
ll
y a
cc
ep
ta
bl
e
fo
rm
s.
Th
e a
pp
ro
ac
h
be
in
g
re
co
mm
en
de
d
ne
ce
ss
it
at
es
co
ns
id
er
at
io
n
of
su
ch
alt
ern
ati
ves
an
d
le
ad
s
to
th
e
co
nc
lu
si
on
tha
t
dr
ed
gi
ng
pr
oj
ec
ts
sh
ou
ld
be
co
ns
id
er
ed
fr
om
a
mu
lt
i-
pu
rp
os
e
po
in
t
of
vi
ew
.
All
of
th
e G
re
at
La
ke
s e
xhi
bit
ch
an
ge
s i
n t
he
phy
sic
al
an
d
ch
em
ic
al
co
mp
os
it
io
n o
f t
hei
r
wa
te
rs
wh
ic
h
ar
e d
ire
ctl
y a
ttr
ibu
tab
le
to
cul
tur
al
ch
an
ge
s
in
th
e B
as
in
si
nc
e t
he
be
gi
nn
in
g o
f t
he
19
th
cen
tur
y.
Th
e
un
ba
la
nc
in
g
str
ess
es
im
po
se
d
up
on
th
e n
atu
ral
tro
phi
c r
eg
im
en
s
ha
s r
esu
lte
d
in
th
e
eu
tr
op
hi
ca
ti
on
of
th
e w
es
te
rn
ba
si
n
of
La
ke
Eri
e,
Sa
gi
na
w
Ba
y
an
d
Gr
ee
n
Bay
,
as
wel
l a
s
si
gn
if
ic
an
tl
y
mo
di
fy
in
g
th
e
tr
op
hi
c s
ta
tu
s
of
th
e
re
ma
in
de
r
of
th
e
la
ke
s.
Th
es
e
str
ess
es
ha
ve
als
o
int
era
cte
d
wit
h
int
ens
ive
exp
loi
tat
ion
pre
ssu
res
an
d
the
int
rus
ion
of
ma
ri
ne
pre
dat
ors
,
an
d d
ra
ma
ti
ca
ll
y r
ed
uc
ed
or
el
im
in
at
ed
th
e i
nd
ig
en
ou
s o
lig
otr
oph
ic
fis
h
spe
cie
s w
hi
ch
we
re
for
mer
ly
ab
un
da
nt
thr
oug
hou
t
the
de
ep
wa
te
r
lak
es.
Lo
we
r
ord
er
fis
h
sp
ec
ie
s a
s w
ell
as
th
e b
en
th
os
an
d
pl
an
kt
on
als
o r
efl
ect
th
e s
tre
sse
s i
mp
os
ed
by
cul
tur
al
pol
lut
ion
;
the
ir
su
cc
es
si
on
s
te
nd
in
g t
o b
e d
om
in
at
ed
by
mo
re
pol
lut
ion
~to
ler
ant
spe
cie
s.
Al
th
oug
h
it
is
imp
oss
ibl
e
to
est
abl
ish
cle
arl
y
an
y
on
e
fac
tor
as
do
mi
na
nt
in
the
su
cc
es
si
on
of
ch
an
ge
s
in
th
e
aq
ua
ti
c
ec
os
ys
te
ms
th
ro
ug
ho
ut
th
e
lak
es,
an
d
in
de
ed
,
st
udi
es
ind
ica
te
tha
t a
ny
on
e
fac
tor
has
,
in
th
e a
bs
en
ce
of
th
e o
the
rs,
be
en
sig
nif
ica
nt;
th
er
e i
s n
o d
ou
bt
tha
t
the
re
is
as
yet
a
con
tin
uin
g
im
ba
la
nc
e
be
tW
ee
n
the
ec
os
ys
te
ms
an
d
the
ir
lak
e
environments.
Th
e
sig
nif
ica
nce
of
dr
ed
gi
ng
as
on
e
con
tri
but
or
to
the
tot
al
loa
din
g
pro
ces
s
is
inc
omp
let
ely
und
ers
too
d.
It
is
evi
den
t f
ro
m
bio
ass
ay
tes
ts
to
de
te
rm
in
e
the
tox
ici
ty
of
rec
ent
se
di
me
nt
s f
ro
m G
rea
t L
ak
es
por
ts,
as
wel
l a
s f
ro
m a
na
lo
go
us
stu
die
s f
ro
m o
the
r f
res
hwa
ter
lak
es,
tha
t
dep
osi
ts
wh
ic
h
ha
ve
be
en
cul
tur
all
y c
on
ta
mi
na
te
d
ca
n
im
po
se
let
hal
str
ess
es
to
ben
thi
c
org
ani
sms
.
Mor
eov
er,
the
hig
h l
eve
l o
f o
xyg
en
de
ma
nd
, a
s w
ell
as
of
nut
rie
nt
sup
pli
es
con
tai
ned
in
ma
ny
se
di
me
nt
ar
y
dep
osi
ts
can
,
if
red
ist
rib
ute
d
thr
oug
h
unc
ont
rol
led
dre
dgi
ng
ope
rat
ion
s,
imp
ose
int
ens
e s
hor
t-t
erm
str
ess
es
in
the
imm
edi
ate
env
iro
nme
nt
of
ope
rat
ion
s
as
wel
l
as
con
tri
but
e t
o t
he
lon
ger
ter
m
imb
ala
nce
bet
wee
n t
he
eco
sys
tem
and
the
qua
lit
y o
f t
he
wat
er
environment.
The
spe
cif
ic
imp
act
s o
f a
dre
dgi
ng
pro
jec
t a
re
dif
fic
ult
to
iso
lat
e f
rom
oth
er
str
ess
fac
tor
s.
Ind
eed
, t
he
syn
erg
ist
ic
asp
ect
s
of
geo
che
mic
al
and
bio
che
mic
al
rea
cti
ons
,
and
the
ir
var
iat
ion
s u
nde
r o
xid
izi
ng a
nd
red
uci
ng
con
dit
ion
s,
mak
es
it v
irtu
ally
imp
oss
ibl
e to
def
ine
spec
ific
cri
ter
ia
of
uni
ver
sal
app
lic
abi
lit
y.
How
eve
r,
sin
ce
und
er
par
tic
ula
r c
irc
ums
tan
ces
adv
ers
e i
mpa
cts
can
be
for
ese
en,
eve
n f
rom
the
unc
ont
rol
led
dis
pos
al
of e
sse
nti
all
y i
nert
nat
ura
l s
edi
men
ts,
it i
s
app
are
nt
tha
t d
red
gin
g p
roj
ect
s sh
oul
d b
e d
esi
gne
d a
nd
exe
cut
ed
in t
he
ligh
t of
an
und
ers
tan
din
g
of
all
pro
ces
ses
whi
ch
may
be
imp
act
ed
by
eac
h s
uch
ope
rat
ion
. T
he
fail
ure
to
con
tro
l t
he
impo
siti
on
of s
tres
s on
the
aqua
tic
eco
sys
tem
s, i
nsof
ar a
s it
is p
ract
icab
le a
nd
rea
son
abl
e to
do
so,
wou
ld
be d
irec
tly
coun
ter-
prod
ucti
ve t
o th
e m
ana
gem
ent
of n
atur
al
res
our
ce s
yst
ems
and
to
the
poll
utio
n a
bat
eme
nt
pro
gra
ms
in b
oth
Can
ada
and
the
Uni
ted
Stat
es
for
the
cont
rol
of
poin
t-so
urce
was
te
disp
osal
s as
well
as f
or r
edu
cin
g di
ffus
e so
urc
es
of c
ont
ami
nan
ts.
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 The evaluation of environmental
impacts must recognize
theparticular aspects of a
project and of the local environment. Hence, it is appropriate to provide compatible guidelines,
which
allow for the application of internationally adopted criteria, in terms of a sitespecific
interpretation of the environmental and socio-economic amenities and disamenities of each
project.
The imposition of responsibility for environmental protection upon dredging activities
is leading to a substantial increase in the cost, both for investigation and execution. At the same
time, opportunities are being recognized at many locations to utilize much of the materials
dredged for navigational purposes to create facilities and amenities which enhance, rather than
degrade the environment. There is a need, therefore, to take advantage of such opportunities as
will, when evaluated on a broad socioeconomic basis, increase the net benefits from dredging
projects.
The conclusions of this study involve a broad range of interrelated aspects. Many of
the detailed considerations separated from the context of discussions presented in the main body
of the report throughout Chapters 2 to 7 would not be meaningful. For those directly concerned
with project evaluation and execution, it is recommended that particular attention be given to the
discussions of dredging practices in Chapter 3, the engineering, economic and environmental
aspects discussed in Chapter 5 and the guidelines for project evaluation in Chapter 6. Hereunder,
without priority by order, only the major conclusions leading to the detailed recommendations are
highlighted.
0 It is apparent from a review of the traditional practices being followed prior to
the 1970’s that the comparative freedom of choice to dispose of dredged
materials in open water in the Great Lakes did not impose rigorous requirements
for precise definition of the sediment characteristics. Past experience provides
a very limited basis for evaluation of environmental factors nor of their
engineering considerations relevant to design of future projects.
(cf. Section 5.1)
0 The potential pollution hazards due to dredging are related to the physical
characteristics of the sediment as well as to its biological and chemical
properties. The environmental aspects can only be reviewed satisfactorily when
information on all such relationships is available. It is, therefore, most important
that all agencies have access to developing and future data bases to allow for the
effective planning and design of projects.
(cf. Section 5.1)
0
A n
umb
er
of
the
che
mic
al
ana
lys
es
tha
t a
re
use
d t
o a
sse
ss
the
pre
sen
ce
in
sed
ime
nts
of
hea
vy
met
als
and
org
ani
c m
ate
ria
ls
pro
vid
e a
mea
sur
e o
f t
otal
con
cen
tra
tio
ns
but
yie
ld
litt
le d
ire
ct
evi
den
ce
of t
hei
r a
vai
lab
ili
ty f
or
bio
che
mic
al
activity.
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 (cf. Section 4.2)
It
has
be
en
obs
erv
ed
tha
t
nat
ura
l
ba
ck
gr
ou
nd
lev
els
in
ma
ny
loc
ati
ons
are
con
sid
era
bly
hig
her
tha
n t
he
cri
ter
ia
con
cen
tra
tio
ns
tha
t h
av
e b
ee
n u
se
d i
n t
he
pa
st
to
cla
ssi
fy
dr
ed
ge
d
se
di
me
nt
s
as
suf
fic
ien
tly
po
ll
ute
d
to
be
unf
it
for
open-water disposal.
(cf. Section 4.2)
En
vir
on
me
nt
al
pro
tec
tio
n w
ill
bes
t b
e s
erv
ed
by
sit
e-s
pec
ifi
c e
val
uat
ion
, p
lac
ing
rel
ian
ce
up
on
the
pro
fes
sio
nal
ju
dg
em
en
t o
f q
ual
ifi
ed
inv
est
iga
tor
s.
(cf. Section 5.1.3)
Th
e
eff
ect
ive
for
mul
ati
on
an
d
eva
lua
tio
n
of
pro
jec
ts
wil
l
req
uir
e
con
tin
uin
g
coo
rdi
nat
ion
of
exp
eri
enc
e a
nd
the
app
lic
ati
on
an
d
so
un
d j
ud
ge
me
nt
to
ach
iev
e
a
con
sis
ten
t
an
d
com
pat
ibl
e
ap
pr
oa
ch
be
tw
ee
n
the
var
iou
s j
uri
sdi
cti
ons
an
d
ag
en
ci
es
ha
vi
ng
res
pon
sib
ili
ty
for
dr
ed
gi
ng
act
ivi
tie
s.
(cf. Section 6.2)
The
app
roa
ch
to
eva
lua
tio
n
of
dre
dgi
ng
pro
jec
ts
fro
m
an
env
iro
nme
nta
l
sta
ndp
oin
t m
ust
, o
f n
ece
ssi
ty,
pro
cee
d w
ith
two
fun
dam
ent
al
obj
ect
ive
s i
n v
iew
;
the
pre
ser
vat
ion
of
des
ign
ate
d
wat
er
use
s,
inc
lud
ing
via
ble
aqu
ati
c
and
ter
res
tri
al
eco
sys
tem
s,
and
the
opt
imi
zat
ion
of
net
soc
io-
eco
nom
ic
ben
efi
ts
to
society.
(cf. Section 6.0)
To
acc
omp
lis
h d
red
gin
g a
cti
vit
ies
in
an
env
iro
nme
nta
lly
acc
ept
abl
e a
nd
soc
ial
ly
op
ti
mu
m
ma
nn
er
will
req
uir
e e
val
uat
ion
of
all
pra
cti
cal
alt
ern
ati
ves
.
(cf. Section 6.1)
A d
eci
sio
n t
o t
ran
sfe
r c
ont
ami
nat
ed
sed
ime
nts
fro
m a
sub
aqu
eou
s e
nvi
ron
men
t
to
a c
onf
ine
d
ter
res
tri
al
sit
e s
hou
ld
not
sim
ply
res
ult
in
rel
oca
tio
n o
f t
he
pro
ble
m,
but
sho
uld
mak
e t
he
bes
t u
se
of a
vai
lab
le
mat
eri
als
and
eng
ine
eri
ng
kno
wle
dge
to
ach
iev
e
a
faci
lity
whi
ch
can
be
of
so
me
fut
ure
use
to
the
community.
(cf. Section 5.1.2)
Mai
nte
nan
ce
dre
dgi
ng
pro
jec
ts
are
mo
re
lik
ely
to
giv
e
ris
e t
o a
dve
rse
and
int
ens
e s
hor
t-t
erm
pol
lut
ion
al e
ffec
ts t
han
wou
ld
be
exp
ect
ed
fro
m c
api
tal
wor
ks
proj
ects
. T
he
latt
er
inv
olv
e p
hys
ica
l c
han
ges
to
bot
tom
site
geo
met
ry
whi
ch
ind
uce
lon
g-t
erm
inf
lue
nce
s u
pon
the
env
iro
ns
of
the
dre
dgi
ng
site
.
(cf. Section 3.3)
Sinc
e d
iffe
rent
type
s o
f d
red
gin
g
plan
t h
ave
vast
ly
diff
eren
t o
pera
ting
char
acte
rist
ics,
eve
n t
he
com
par
ati
ve
effe
cts
bet
wee
n t
hem
are
diff
icul
t to
esta
blis
h.
The
choi
ce
of d
red
gin
g p
lant
, g
ener
ally
, h
as
littl
e in
flue
nce
upo
n
long
-ter
m ef
fect
s, a
lth
oug
h s
ome
may
be
infe
rred
fro
m c
han
ges
in b
ath
yme
try
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and substrate disturbances. However, plant and operating procedures should be
considered with respect to various short-term aspects of environmental
concern.
(cf. Section 3.3)
The consideration of project alternatives, of the beneficial utilization of dredged
material and of permanent works to reduce or eliminate maintenance dredging
requires more lead time than has been provided. It is apparent that five-year
program forecasting, which would include most maintenance and major capital
dredging, can be provided. From annual updating of such forecasts a reasonably
firm indication of programs should be established at least two years before
execution is required which will allow for detailed project formulation taking fully
into account considerations of environmental concerns.
(cf. Chapter 7)
There appears to be no lack of legislation in either the United States or Canada
as may be required to implement the procedures recommended herein for
programming, assessment and control of dredging activities. However, there
may be a need to modify regulations and improve administrative procedures to
implement the intent. Nor are there any prohibitions apparent in the legislation
which would hinder their adoption.
(cf. Chapter 2)
The question of financing, and of continuing responsibility for disposal facilities
requires further consideration by the different jurisdictions. It will be essential
to determine the basis for cost allocations between purposes and to develop a
workable basis for financing of multi-purpose projects developed to meet
environmental constraints.
(cf. Chapter 7)
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 9.
0
R
E
C
O
M
M
E
N
D
A
T
I
O
N
S
The
ter
ms
of
ref
ere
nce
of
the
Wor
kin
g G
rou
p i
mpo
sed
res
pon
sib
ili
ty
for
und
ert
aki
ng
a r
evi
ew
of
dre
dgi
ng
pra
cti
ces
, p
rog
ram
s,
and
of
the
rel
eva
nt
law
s a
nd
reg
ula
tio
ns
gov
ern
ing
dre
dgi
ng.
Fur
the
r,
the
ter
ms
of
ref
ere
nce
foc
us
upo
n d
eve
lop
men
t o
f c
omp
ati
ble
cri
ter
ia
for
cha
rac
ter
iza
tio
n
of
dre
dge
d
spo
il
and
rec
omm
end
ati
ons
for
com
pat
ibl
e p
rog
ram
s
gov
ern
ing
dis
pos
al
of
pol
lut
ed
dr
ed
ge
d
spo
il
in
op
en
wat
er.
The
Wor
kin
g
Gro
up
was
dir
ect
ed
to
con
duc
t
its
stu
die
s
and
for
mul
ate
its
re
co
mm
en
da
ti
on
s
on
a b
asi
s o
f t
he
fol
low
ing
pri
nci
ple
s:
a)
Dre
dgi
ng
acti
viti
es
sho
uld
be
con
duc
ted
in
a m
ann
er
tha
t w
ill
min
imi
ze
har
mfu
l
environmental effects.
b)
All
rea
son
abl
e a
nd
pra
cti
cab
le
mea
sur
es
shal
l b
e t
ake
n t
o e
nsu
re
tha
t d
red
gin
g
acti
viti
es
do
not
cau
se
a d
egr
ada
tio
n o
f w
ate
r q
ual
ity
and
bot
tom
sed
ime
nts
.
c)
As
soo
n a
s p
rac
tic
abl
e,
the
dis
pos
al
of
pol
lut
ed
dre
dge
d s
poi
l i
n o
pen
wat
er
sho
uld
be
car
rie
d o
ut
in a
man
ner
con
sis
ten
t w
ith
the
ach
iev
eme
nt
of
the
wat
er
qua
lit
y
objectives, and should be phased out.
In
pur
sui
ng
its
inv
est
iga
tio
ns,
the
Wor
kin
g G
rou
p c
onc
lud
ed
tha
t t
he
int
ent
of
min
imi
zin
g h
arm
ful
env
iro
nme
nta
l a
spe
cts
, c
ons
ist
ent
wit
h d
esi
gna
ted
wat
er
use
s,
ext
end
to
all
asp
ect
s o
f d
red
gin
g a
nd
dis
pos
al
pra
cti
ces
and
the
ref
ore
re
co
mm
en
ds
:
O
The
basi
c c
rite
ria
for
all
dre
dgi
ng
acti
viti
es s
hou
ld
be
the
pre
ser
vat
ion
of
des
ign
ate
d wa
ter
uses
, in
clud
ing
viab
le a
quat
ic a
nd
terr
estr
ial
eco
sys
tem
s a
nd
the
opt
imi
zat
ion
of t
he
net
soc
io-
eco
nom
ic
ben
efi
ts
to
soci
ety.
Con
sis
ten
t wi
th t
hes
e ob
ject
ives
, wh
ich
may
not
alw
ays
pro
ve e
ntir
ely
comp
atib
le,
the
Work
ing
Grou
p h
as f
ound
no u
nive
rsal
set
of c
riter
ia a
ppli
cabl
e to
the
vari
ed c
ondi
tion
s an
d
situ
atio
ns e
ncou
nter
ed
thro
ugho
ut t
he G
reat
Lake
s. R
athe
r, t
he G
roup
rec
omm
end
s,
as a
com
pat
ibl
e ba
sis
for
proj
ect
eval
uati
on l
eadi
ng t
o ac
cep
tab
le e
nvi
ron
men
tal
desi
gns,
that
:
0
All f
utur
e ev
alua
tion
s of
dred
ging
proj
ects
be s
ite-s
pecif
ic in
acco
rdan
ce w
ith
the
guid
elin
es
pres
ente
d in
Chap
ter
6, w
hich
requ
ires
that
the
wate
r qu
alit
y
obje
ctiv
es e
stab
lish
ed in
the
Grea
t La
kes
Wate
r Qua
lity
Agre
emen
t as
well
as a
ny
more stringent objectives imposed by other authorities are over-riding.
0
The
chara
cteri
stics
of bo
ttom
mater
ials
to be
dredg
ed, a
nd of
bott
om se
dime
nts
at proposed open water disposal sites, be determined so as to provide
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 indications
of
chemical
and
other
constituents
in
terms
of
their
availability
to
the ecosystem.
To
accomplish
the
foregoing,
it is
also
recommended
that:
Adoption
of
the
recommended
guidelines
and
criteria
for
the
evaluation
of
environmental
and
socioeconomic
considerations
relating
to
all
dredging
projects be accomplished by administrative action, and that their application be
evaluated
in
practice
before
any
substantial
revision
in
legislation
is
contemplated.
Research
be encouraged to investigate advances in dredging technology and the
availability of materials such as nutrients and
potentially toxic substances as
related to dredging procedures and
to define specifically the nature of such
impacts.
Project proponents retain appropriate technical competence to ensure the
recognition of all potential environmental impacts and the adjustment of
proposals as well as to facilitate their audit by the appropriate regulatory
agencies.
Administrative procedures be adapted to provide a forward indication of
dredging requirements on a running five-year basis and a minimum of two years
between commencing detailed project formulation and actual execution.
Project financing policy for multipurpose dredging projects be addressed by the
relevant authorities.
Finally, it is recommended, that:
A standing committee be established:
to ensure the compatible implementation of the guidelines for
environmental assessment as presented herein,
to review the effectiveness of the quidelines in maintaining water
quality as a result of dredging operations,
to encourage the exchange of information from both experience and
research, and
to recommend, from time to time, changes in criteria and guidelines
in the light of advances in knowledge and the accumulation of
reliable experience records.
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 APPENDIX “A”
THE FOLLOWING ARE EXCERPTS FROM THE AGREEMENT
BETWEEN THE UNITED STATES OF AMERICA AND CANADA
ON GREAT LAKES WATER QUALITY WHICH ARE RELEVANT
TO THE MANDATE OF THE WORKING GROUP.
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T
E
R
QUALITY
 
The Government of the United States of America and the Government of Canada,
Determined to restore and enhance water quality in the Great Lakes System;
Seriously concerned about the grave deterioration of water quality on each side of the
boundary to an extent that is causing injury to health and property on the other side, as described
in the 1970 report of the International Joint Commission on Pollution of Lake Erie, Lake Ontario and
the International Section of the St. Lawrence River;
Intent upon preventing further pollution of the Great Lakes System owing to continuing
population growth, resource development and increasing use of water;
Reaffirming in a spirit of friendship and cooperation the rights and obligations of both
countries under the Boundary Waters Treaty signed on January 11, 1909, ' and in particular their
obligation not to pollute boundary waters;
Recognizing the rights of each country in the use of its Great Lakes waters;
Satisfied that the 1970 report of the International Joint Commission provides a sound
basis for new and more effective cooperative actions to restore and enhance water quality in the
Great Lakes System;
Convinced that the best means to achieve improved water quality in the Great Lakes
System is through the adoption of common objectives, the development and implementation of
cooperative programs and other measures, and the assignment of special responsibilities and
functions to the International Joint Commission;
Have agreed as follows:
'TS 548:36 Stat. 2448.
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ARTICLE I
 
DEFINITIONS
As used in this Agreement:
(a)
‘B
ou
nd
ar
y
wa
te
rs
of
the
Gr
ea
t
La
ke
s
Sy
st
em
‘
or
‘b
ou
nd
ar
y
wat
ers
‘
me
an
s
bo
un
da
ry
wat
ers
,
as
de
fi
ne
d
in
the
Bo
un
da
ry
Wa
te
rs
Tre
aty
,
tha
t
ar
e
wit
hin
the
Gr
ea
t
La
ke
s
System;
(b)
‘Bo
und
ary
Wa
te
rs
Tre
aty
me
an
s
the
Tre
aty
be
tw
ee
n
the
Uni
ted
Sta
tes
an
d
Gre
at
Bri
tai
n R
ela
tin
g t
o B
ou
nd
ar
y W
ate
rs,
an
d Q
ues
tio
ns
Ari
sin
g B
et
we
en
the
Uni
ted
Sta
tes
an
d
Ca
na
da
,
si
gn
ed
at
Wa
sh
in
gt
on
on
Ja
nu
ar
y
11,
19
09
;
(0)
‘C
om
pa
ti
bl
e
reg
ula
tio
ns‘
me
an
s
re
gu
la
ti
on
s
no
principles;
(d)
‘Gr
eat
Lak
es
Sys
tem
’ m
ea
ns
all
of
the
str
eam
s,
riv
ers
, l
ake
s a
nd
oth
er
bod
ies
of
wat
er
tha
t a
re
wit
hin
the
dra
ina
ge
bas
in
of
the
St.
La
wr
en
ce
Riv
er
at
or
up
st
re
am
fr
om
the
poi
nt
at
whi
ch
thi
s r
ive
r b
ec
om
es
the
int
ern
ati
ona
l b
ou
nd
ar
y b
et
we
en
Ca
na
da
an
d t
he
United States;
(e)
’Ha
rmf
ul
qua
nti
ty
me
an
s a
ny
qua
nti
ty
of a
sub
sta
nce
tha
t i
f d
isc
har
ged
int
o r
ece
ivi
ng
less restrictive than agreed
 
wat
ers
wou
ld
be
inc
ons
ist
ent
wit
h t
he
ac
hi
ev
em
en
t o
f t
he
wat
er
qua
lit
y o
bje
cti
ves
;
(f)
‘Ha
rza
rdo
us
pol
lut
ing
sub
sta
nce
‘ m
ea
ns
any
ele
men
t o
r c
om
po
un
d i
den
tif
ied
by
the
Par
tie
s
whi
ch,
whe
n
dis
cha
rge
d
in
any
qua
nti
ty
int
o o
r u
pon
rec
eiv
ing
wat
ers
or
adj
oin
ing
sho
rel
ine
s,
pre
sen
ts
an
imm
ine
nt
and
sub
sta
nti
al
dan
ger
to
pub
lic
hea
lth
or
wel
far
e;
for
this
pur
pos
e,
‘pub
lic
hea
lth
or
wel
far
e‘
enc
omp
ass
es
all
fac
tor
s a
ffe
cti
ng
the
hea
lth
and
wel
far
e o
f m
an
inc
lud
ing
but
not
lim
ite
d t
o h
uma
n h
ealt
h,
and
the
con
ser
vat
ion
and
pro
tec
tio
n o
f f
ish,
shel
lfis
h,
wild
life
, p
ubl
ic
and
pri
vat
e p
rop
ert
y,
shorelines and beaches;
(g)
’ln
ter
nat
ion
al
Joi
nt
Com
mis
sio
n‘
or
‘Co
mmi
ssi
on‘
mea
ns
the
Int
ern
ati
ona
l J
oin
t
Com
mis
sio
n e
sta
bli
she
d b
y t
he
Bou
nda
ry
Wat
ers
Tre
aty
;
(h)
‘Ph
osp
hor
us‘
mea
ns
the
ele
men
t p
hos
pho
rus
pre
sen
t a
s a
con
sti
tue
nt
of
var
iou
s
organic and inorganic complexes and compounds;
(i)
‘Spe
cifi
c wa
ter
qual
ity
obje
ctiv
e‘ m
ean
s t
he l
evel
of a
sub
sta
nce
or p
hysi
cal
effe
ct t
hat
the
Part
ies
agre
e, a
fter
inve
stig
atio
n, t
o re
cogn
ize
as a
max
imu
m o
r mi
nim
um
desi
red
limit
for a
defi
ned
body
of w
ater
or p
orti
on t
here
of,
taki
ng i
nto a
ccou
nt t
he b
enef
icia
l
uses of the water that the Parties desire to secure and protect;
(j) ‘State and Provincial Governments‘ means the Governments of the States of Illinois,
Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin, and the
Government of the Province of Ontario;
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_(k)
‘Tributary
waters
of
the
Great
Lakes
System‘
or
‘tributary
waters‘
means
all
the
waters
of
the
Great
Lakes
System
that
are
not
boundary
waters;
(I)
‘Water
quality
objectives‘
means
the
general
water
quality
objectives
adopted
pursuant
to
Article
II
of
this
Agreement
and
the
specific
water
quality
objectives
adopted
pursuant
to
Article
III of
this
Agreement.
 
ARTICLE [I
GENERAL
WATER
QUALITY
OBJECTIVES
The
following
general
water
quality objectives
for
the
boundary
waters
of the
Great
Lakes System are adopted. These waters should be:
(a)
Free
from
substances
that enter the waters
as a result of human
activity and
that will
settle
to
form
putrescent
or
otherwise
objectionable
sludge
deposits,
or
that
will
adversely affect aquatic life or waterfowl;
(b)
Free from floating debris, oil, scum and other floating materials entering the waters as
a result of human activity in amounts sufficient to be unsightly or deleterious;
(c)
Free from materials entering the waters as a result of human activity producing colour,
odour or other conditions in such a degree as to create a nuisance;
(d)
Free from substances entering the waters as a result of human activity in
concentrations that are toxic or harmful to human, animal or aquatic life;
(e) Free from nutrients entering the waters as a result of human activity in concentrations
that create nuisance growths of aquatic weeds and algae.
ARTICLE III
SPECIFIC WATER QUALITY OBJECTIVES
1. The specific water quality objectives for the boundary waters of the Great Lakes System
set forth in Annex 1 are adopted.
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2.
The
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
ma
y b
e m
odi
fie
d a
nd
add
iti
ona
l s
pec
ifi
c w
ate
r
qua
lit
y o
bje
cti
ves
for
the
bou
nda
ry
wat
ers
of
the
Gre
at
Lak
es
Sys
tem
or
for
par
tic
ula
r s
ect
ion
s
the
reo
f m
ay
be
ad
op
te
d b
y t
he
Par
tie
s i
n a
cc
or
da
nc
e w
ith
the
pro
vis
ion
s o
f A
rti
cle
s I
X a
nd
XII
of
thi
s
Agreement.
3.
Th
e
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
ad
op
te
d
pur
sua
nt
to
thi
s A
rti
cle
rep
res
ent
the
mi
ni
mu
m d
esi
red
lev
els
of
wat
er
qua
lit
y in
the
bou
nda
ry
wat
ers
of t
he
Gre
at
Lak
es
Sys
tem
and
are
not
int
end
ed
to
pre
clu
de
the
est
abl
ish
men
t o
f m
or
e
str
ing
ent
req
uir
eme
nts
.
Not
wit
hst
and
ing
the
ado
pti
on
of
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
, a
ll
rea
son
abl
e a
nd
pra
cti
cab
le
mea
sur
es
sha
ll
be
tak
en
to
mai
nta
in
the
lev
els
of
wat
er
qua
lit
y e
xis
tin
g a
t t
he
dat
e o
f
ent
ry
int
o f
orc
e o
f t
his
Agr
eem
ent
in t
hos
e a
rea
s o
f t
he
bou
nda
ry
wat
ers
of t
he
Gre
at
Lak
es
Sys
tem
whe
re
suc
h l
eve
ls
exc
eed
the
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
.
ARTICLE IV
ST
AN
DA
RD
S
AN
D
OT
HE
R
RE
GU
LA
TO
RY
REQ
UIR
EME
NTS
Wat
er
qua
lit
y s
tan
dar
ds
and
oth
er
reg
ula
tor
y r
equ
ire
men
ts
of
the
Par
tie
s s
hall
be
con
sis
ten
t w
ith
the
ach
iev
eme
nt
of
the
wat
er
qua
lit
y o
bjec
tive
s.
The
Par
tie
s s
hall
use
thei
r b
est
effo
rts
to e
nsu
re
tha
t w
ate
r q
ual
ity
sta
nda
rds
and
oth
er
reg
ula
tor
y r
equ
ire
men
ts
of
the
Sta
te
and
Pro
vin
cia
l G
ove
rnm
ent
s s
hall
sim
ila
rly
be
con
sis
ten
t w
ith
the
ach
iev
eme
nt
of
the
wat
er
qua
lit
y
objectives.
ARTICLE V
PROGRAMS AND OTHER MEASURES
1.
Prog
rams
and
other
meas
ures
direc
ted t
owar
d the
achi
evem
ent
of th
e wat
er qu
ality
objec
tives
shall
be de
velop
ed an
d imp
leme
nted
as so
on as
pract
icabl
e in a
ccor
danc
e wit
h leg
islat
ion
in th
e two
count
ries.
Unles
s oth
erwis
e agr
eed,
such
prog
rams
and
other
meas
ures
shall
be ei
ther
comp
lete
d or
in pr
ocess
of i
mple
ment
atio
n by
Dece
mber
31,
1975.
They
shall
inclu
de t
he
following:
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 (f)
Pollution
from
Dredging
Activities.
Measures
for the
abatement
and
control
of
pollution
from
dredging
activities,
including
the
development
of
criteria
for the
identification
of
polluted
dredged
spoil
and
compatible
programs
for
disposal
of
polluted dredged
spoil, which shall be considered in the light of the review provided
for
in
Annex
6;
pending
the
development
of
compatible
criteria
and
programs,
dredging operations shall be conducted in a manner that will minimize adverse effects
on the environment.
2.
The Parties shall develop and implement such additional programs as they jointly
decide are necessary and desirable for the achievement of the water quality objectives.
3.
The programs and other measures provided for in this Article shall be designed to abate
and control pollution of tributary waters where necessary or desirable for the achievement of the
water quality objectives for the boundary waters of the Great Lakes System.
ARTICLE X
lMPLEMENTATlON
1. The obligations undertaken in this Agreement shall be subject to the appropriation of
funds in accordance with the constitutional procedures of the Parties.
2. The Parties commit themselves to seek:
(a) The appropriation of the funds required to implement this Agreement, including. the
funds needed to develop and implement the programs and other measures prowded
for in Article V, and the funds required by the International Joint Commission to carry
out its responsibilities effectively;
(b) The enactment of any additional legislation that may be necessary in order to
implement the programs and other measures provided for in Article V;
(c)
The
coop
erat
ion
of th
e St
ate
and
Provi
ncia
l Go
vern
ment
s in
all m
atte
rs r
elat
ing t
o thi
s
Agreement.
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ARTICLE XI
 
EXISTING RIGHTS AND OBLIGATIONS
Noth
ing
in th
is Ag
ree
men
t sh
all b
e de
eme
d to
dimi
nish
the r
ights
and
obli
gati
ons o
f the
Parties as set forth in the Boundary Waters Treaty.
ARTICLE XII
AMENDMENT
This Agreement and the Annexes thereto may be amended by agreement of the Parties.
The
Anne
xes
may
also
be a
mend
ed a
s pr
ovide
d the
rein,
subje
ct to
the r
equi
reme
nt th
at su
ch
amendments shall be within the scope of this Agreement,
ARTICLE XIII
ENTRY INTO FORCE AND TERMINATION
This Agreement shall enter into force upon signature by the duly authorized
representatives of the Parties, and shall remain in force for a period of five years and thereafter until
terminated upon twelve months’ notice given in writing by one of the Parties to the other.
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 ANNEX 1
SPECIFIC
WATER
QUALITY
OBJECTIVES
1.
Specific
Objectives.
The
specific
water
quality
objectives
for the
boundary
waters
of
the
Great Lakes System are as follows:
(a)
(b)
 
(c)
(d)
(e)
(f)
(g)
(h)
Microbiology.
The
geometric
mean
of not
less
than
five
samples
taken
over
not
more
than
a
thirty-day
period
should
not
exceed
1,000/100
millilitres
total coliforms,
nor
200/100
millilitres
fecal
coliforms.
Waters
used
for
body
contact
recreation
activities
should
be
substantially
free
from
bacteria,
fungi,
or
viruses
that
may
produce
enteric disorders or eye,
ear, nose,
throat and skin
infections or other human
diseases and infections.
Dissolved
Oxygen.
In the
Connecting Channels
and
in the upper
waters of the
Lakes,
the dissolved oxygen
level should be not less than 6.0 milligrams per litre at
any time; in hypolimnetic waters, it should be not less than necessary for the support
of fishlife, particularly cold water species.
Total Dissolved Solids.
In Lake Erie, Lake Ontario and the International Section
of the St. Lawrence River, the level of total dissolved solids should not exceed 200
milligrams per litre. In the St. Clair River, Lake St. Clair, the Detroit River and the
Niagara River, the level should be consistent with maintaining the levels of total
dissolved solids in Lake Erie and Lake Ontario at not to exceed 200 milligrams per
litre. In the remaining boundary waters, pending further study, the level of total
dissolved solids should not exceed present levels.
Taste and Odour. Phenols and other objectionable taste and odour producing
substances should be substantially absent.
pH. Values should not be outside the range of 6.7 to 85.
Iron (Fe). Levels should not exceed 0.3 milligrams per litre.
Phosphorus Concentrations should be limited to the extent necessary to
prevent nuisance growths of algae, weeds and slimes that are or may become
injurious to any beneficial water use.
Radioactivity. Radioactivity should be kept at the lowest practicable levels and in
any event should be controlled to the extent necessary to prevent harmful effects on
health.
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2.
In
te
ri
m
Ob
je
ct
iv
es
.
Unt
il
ob
je
ct
iv
es
for
pa
rt
ic
ul
ar
su
bs
ta
nc
es
an
d
ef
fe
ct
s
in
th
e c
la
ss
es
de
sc
ri
be
d
in
thi
s
pa
ra
gr
ap
h
ar
e
fu
rt
he
r
ref
ine
d,
th
e
ob
je
ct
iv
es
for
th
em
ar
e
as
fol
low
s:
(a)
Te
mp
er
at
ur
e.
Th
er
e
sh
ou
ld
be
no
ch
an
ge
th
at
wo
ul
d
ad
ve
rs
el
y
af
fe
ct
an
y
loc
al
or general use of these waters.
(b)
Me
rc
ur
y
an
d
Ot
he
r
To
xi
c
He
av
y
Me
ta
ls
.
Th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
sh
ou
ld
be
fre
e
fr
om
su
bs
ta
nc
es
att
rib
uta
ble
to
mun
ici
pal
,
ind
ust
ria
l
or
oth
er
di
sc
ha
rg
es
in
co
nc
en
tr
at
io
ns
tha
t a
re
tox
ic
or
ha
rm
fu
l
to
hu
ma
n,
an
im
al
or
aq
ua
ti
c
life
.
(c)
Pe
rs
is
te
nt
Or
ga
ni
c
Co
nt
am
in
an
ts
.
Per
sis
ten
t p
es
t c
ont
rol
pr
od
uc
ts
an
d
ot
he
r
per
sis
ten
t o
rg
an
ic
co
nt
am
in
an
ts
tha
t a
re
tox
ic
or
ha
rm
fu
l t
o h
um
an
,
an
im
al
or
aq
ua
ti
c
lif
e s
ho
ul
d
be
sub
sta
nti
all
y
ab
se
nt
in
the
wat
ers
.
(d)
Se
tt
le
ab
le
an
d
Su
sp
en
de
d
Ma
te
ri
al
s.
Wa
te
rs
sh
ou
ld
be
fre
e f
ro
m
su
bs
ta
nc
es
att
rib
uta
ble
to
mun
ici
pal
,
ind
ust
ria
l
or
ot
he
r
di
sc
ha
rg
es
tha
t
wil
l
set
tle
to
fo
rm
put
res
cen
t
or
oth
erw
ise
obj
ect
ion
abl
e s
lud
ge
dep
osi
ts,
or
tha
t
wil
l a
dve
rse
ly
aff
ect
aquatic life or waterfowl.
(e)
Oil
,
Pe
tr
oc
he
mi
ca
ls
an
d
lm
mi
sc
ib
le
Su
bs
ta
nc
es
.
Wa
te
rs
sho
uld
be
fre
e f
ro
m
flo
ati
ng
deb
ris
,
oil,
sc
um
an
d
oth
er
flo
ati
ng
mat
eri
als
att
rib
uta
ble
to
mun
ici
pal
,
ind
ust
ria
l o
r o
the
r d
isc
har
ges
in
am
ou
nt
s
suf
fic
ien
t t
o b
e
uns
igh
tly
or
del
ete
rio
us.
3.
No
n-
de
gr
ad
at
io
n.
Not
wit
hst
and
ing
the
ado
pti
on
of
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
,
all
rea
son
abl
e a
nd
pra
cti
cab
le
me
as
ur
es
sha
ll
be
tak
en
in
acc
ord
anc
e w
ith
pa
ra
gr
ap
h 4
of
Art
icl
e I
II
of
the
Ag
re
em
en
t t
o m
ain
tai
n
the
lev
els
of
wat
er
qua
lit
y e
xis
tin
g a
t t
he
dat
e o
f e
ntr
y i
nto
for
ce
of
the
Ag
re
em
en
t i
n t
hos
e a
rea
s
of
the
bo
un
da
ry
wat
ers
of
the
Gre
at
Lak
es
Sy
st
em
wh
er
e
suc
h
lev
els
exc
ee
d t
he
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
.
4.
Sa
mp
li
ng
Dat
a.
The
Par
tie
s a
gre
e t
hat
the
det
erm
ina
tio
n o
f c
omp
lia
nce
wit
h s
pec
ifi
c
obj
ect
ive
s s
hal
l b
e b
ase
d o
n s
tat
ist
ica
lly
val
id
sam
pli
ng
dat
a.
5.
Mi
xi
ng
Zo
ne
s.
The
res
pon
sib
le
reg
ula
tor
y a
gen
cie
s
ma
y
des
ign
ate
res
tri
cte
d m
ixi
ng
zon
es
in
the
vic
ini
ty
of
out
fal
ls
wit
hin
whi
ch
the
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
sha
ll
not
app
ly.
Mix
ing
zon
es
sha
ll
not
be
con
sid
ere
d a
sub
sti
tut
e f
or a
deq
uat
e t
rea
tme
nt
or
con
tro
l o
f d
isc
har
ges
at their source.
6.
Loc
ali
zed
Are
as.
The
re
will
be
oth
er
res
tri
cte
d,
loc
ali
zed
are
as,
suc
h a
s h
arb
our
s,
whe
re
exi
sti
ng c
ond
iti
ons
suc
h a
s l
and
dra
ina
ge
and
lan
d u
se
will
pre
ven
t t
he
obj
ect
ive
s f
rom
bei
ng
met
at
lea
st
ove
r t
he
sho
rt
ter
m;
suc
h
are
as,
how
eve
r,
sho
uld
be
ide
nti
fie
d s
pec
ifi
cal
ly
and
as
ear
ly
as
pos
sib
le
by
the
res
pon
sib
le
reg
ula
tor
y a
gen
cie
s a
nd
sho
uld
be
kep
t t
o a
min
imu
m.
Pol
lut
ion
fro
m s
uch
are
as
shal
l n
ot
con
tri
but
e t
o t
he
viol
atio
n o
f t
he
wat
er
qua
lit
y o
bje
cti
ves
in t
he
wat
ers
of
the
oth
er
Part
y.
The
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
shal
l b
e n
otif
ied
of t
he
iden
tifi
cati
on
of s
uch
localized areas, in accordance with Article VIII.
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 7. Consultation.
The Parties agree to consult within one year from the date of entry into
force of the Agreement, for the purpose of considering:
(a)
(b)
Specific water quality objectives for the following substances:
Ammonia Copper Oil
Arsenic Cyanide Organic chemicals
Barium Fluoride Phenols
Cadmium Lead Selenium
Chloride Mercury Sulphate
Chromium Nickel Zinc
Refined objectives for radioactivity and temperature; for radioactivity the objective shall
be considered in the light of the recommendations of the International Commission on
Radiation Protection.
8. Amendment.
(a)
(b)
1. Programs.
The objectives adopted herein shall be kept under review and may be amended by
mutual agreement of the Parties.
Whenever the International Joint Commission, acting pursuant to Article VI of the
Agreement, shall recommend the establishment of new or modified specific water
quality objectives, this Annex shall be amended in accordance with such
recommendation on the receipt by the Commission of a letter from each Party
indicating its agreement with the recommendation.
ANNEX 2
CONTROL OF PHOSPHORUS
Programs shall be developed and implemented to reduce inputs of
pho
sph
oru
s t
o t
he
Gre
at
Lak
es
Sys
tem
.
The
se
pro
gra
ms
sha
ll
inc
lud
e:
(a)
(b)
Con
str
uct
ion
and
ope
rat
ion
of w
ast
e t
rea
tme
nt
faci
liti
es
to r
emo
ve
pho
sph
oru
s f
rom
municipal sewage;
Reg
ula
tor
y
me
as
ur
es
to
req
uir
e i
ndu
str
ial
dis
cha
rge
rs
to
re
mo
ve
pho
sph
oru
s
fr
om
wa
st
es
to
be
di
sc
ha
rg
ed
in
to
th
e
Gr
ea
t
La
ke
s
Sy
st
em
;
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TABLE 2
ANN
UAL
PHO
SPH
ORU
S
LOA
DIN
G A
ND
RED
UCT
ION
S I
N L
OAD
ING
TO LAKE ONTARIO
(including the Niagara River)
(SHORT TONS PER YEAR)
1971 1972 1973 1974 1975 1976
United States
 
Bas
eIo
ad
6,9
00
7, 0
00
7, 2
00
7,4
00
7, 6
00
7, 7
00
Redu
ctio
n
—
500
500
2 , 1
00
3 , 80
0
5 , 1
00
Resi
dual
Load
6, 90
0
6, 50
0
6, 7
00
5, 30
0
3 , 80
0
2, 60
0
Canada
Base
Ioad
6, 7
00
6, 90
0
7, 00
0
7, 00
0
7, 1
00
7, 20
0
Redu
ctio
n
400
400
1 ,8
00
1 ,8
00
1 ,8
00
4 , 6
00
Residual Load 6, 300 6, 500 5,200 5, 200 5, 300 2, 600
Input from
Lake Erie 4,800 4,800 4,800 4,800 4,800 4,800
Totals
BaseIoad 18,400 18,700 19,000 19,200 19,500 19,700
Reduction 400 900 2, 300 3, 900 5 , 600 9, 700
Residual Load 18,000 17, 800 16, 700 15,300 13,900 10, 000
5.
Rese
rvat
ion.
The
amou
nts
show
n as
‘resi
dual
loads
’ in
Table
s 1 a
nd 2
abov
e do
not
constitute allocations to the two countries, but represent anticipated results of municipal and
industrial waste reduction and detergent phosphorus control programs.
6. Refinement of Data. The residual loads are based upon best available data. The
Parties, in cooperation with the State and Provincial Governments and with the International Joint
Commission, shall continue to refine these estimates to ensure a comparable data base. These
estimates are subject to revision upon agreement by the Parties to reflect future refinement of
the data.
7. Objective Of Programs. The objective of the foregoing programs is to minimize
eutrophication problems in the Great Lakes System. It is anticipated that successful
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 (c)
Regulatory
and
advisory
measures
to
control
inputs
of
phosphorus
through
reduction
of
waste
discharges
attributable
to
animal
husbandry
operations.
In
addition,
programs
may
include
regulations
limiting
or
eliminating
phosphorus
from
detergents
sold
for
use
within
the
basin
of
the
Great
Lakes
System.
2.
Effluent
Requirements.
The
phosphorus
concentrations
in
effluent
from
municipal
waste
treatment
plants
discharging
in
excess
of
one
million
gallons
per
day,
and
from
smaller
plants
as
required
by
regulatory
agencies,
shall
not
exceed
a
daily
average
of
one
milligram
per
litre
into
Lake
Erie,
Lake
Ontario
and
the
International
Section
of
the
St.
Lawrence
River.
3.
Industrial
Discharges.
Waste
treatment
or
control
requirements
for
all
industrial
plants
discharging
wastes
into
the
Great
Lakes
System
shall
be
designed
to
achieve
maximum
practicable
reduction
of
phosphorus
discharges
to
Lake
Erie,
Lake
Ontario
and
the
International
Section of the St, Lawrence River.
4.
Reductions
for
Lower
Lakes.
These
programs
are
designed
to
attain
reductions
in
gross
inputs
of
phosphorus
to
Lake
Erie
and
Lake
Ontario
of
the
quantities
indicated
in
the
following
tables
for the
years
indicated.
TABLE 1
ANNUAL
PHOSPHORUS
LOADING
AND
REDUCTIONS
IN
LOADINGS
TO LAKE ERIE
(including
Lake
St.
Clair and
the
St.
Clair and
Detroit
Rivers)
(SHORT TONS PER YEAR)
1971
1972
1973
1974
1975
1976
United States
 
Baseload
25 , 800
26 ,400
27 , 000 27 , 600
28 , 300 28, 800
Reduction
100
5, 200
9, 800
15, 100
16,000
17 , 300
Residual Load 25, 700 21 , 200 17,200 12, 500 12,300 11 , 500
Canada
Baseload 3, 300 3, 300 3,400 3, 500 3, 500 3, 600
Reduction 100 100 600 1, 400 1 , 400 1 ,400
Residual Load 3,200 3, 200 2,800 2,100 2,100 L200
Input From Lake
Huron 2, 300 2, 300 2, 300 2,400 2,400 2,400
Totals
Baseload 31 ,400 32 , 000 32, 700 33 , 500 34 , 200 34 , 800
Reduction 200 5, 300 10, 400 16, 500 17,400 18, 700
Residual Load 31,200 26, 700 22,300 17, 000 16,800 16,100
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 imp
lem
ent
ati
on
of
the
se
pro
gra
ms
will
acc
omp
lis
h
the
fol
low
ing
res
ult
s,
whi
ch
are
of
crit
ical
imp
ort
anc
e
to
the
suc
ces
s o
f t
he
joi
nt
und
ert
aki
ng
to
pre
ser
ve
and
enh
anc
e t
he
qua
lit
y o
f t
he
waters of the Great Lakes System:
(a)
Res
tor
ati
on
of y
ear
-ro
und
aer
obi
c c
ond
iti
ons
in t
he
bot
tom
wat
ers
of
the
cen
tra
l b
asi
n
of Lake Erie;
(b)
Red
uct
ion
in
pre
sen
t l
eve
ls
of
alg
al
gro
wth
in
La
ke
Eri
e;
(c)
Red
uct
ion
in p
res
ent
lev
els
of
alg
al
gro
wth
in L
ake
Ont
ari
o,
inc
lud
ing
the
Int
ern
ati
ona
l
Section of the St. Lawrence River;
(d)
Stab
iliz
atio
n o
f L
ake
Sup
eri
or
and
Lak
e H
uro
n i
n th
eir
pre
sen
t o
lig
otr
oph
ic s
tate
.
It i
s n
eve
rth
ele
ss
rec
ogn
ize
d t
hat
add
iti
ona
l m
eas
ure
s a
nd
pro
gra
ms
ma
y b
e r
equ
ire
d t
o m
ini
miz
e
eut
rop
hic
ati
on
pro
ble
ms
in
the
fut
ure
. A
vai
lab
le
evi
den
ce
sug
ges
ts
tha
t r
edu
cti
ons
in
pho
sph
oru
s
loa
din
gs
to
ach
iev
e a
net
dis
cha
rge
to
Lak
e E
rie
in
the
ran
ge
of
80
00
to
11,
000
ton
s p
er
yea
r m
ay
be
req
uir
ed
to
bri
ng
abo
ut
mes
otr
oph
ic
con
dit
ion
s i
n t
his
lak
e.
8.
Re
du
ct
io
ns
for
Up
pe
r L
ake
s.
The
Par
tie
s,
in
con
sul
tat
ion
wit
h t
he
Sta
te
and
Pro
vin
cia
l
Gov
ern
men
ts
and
wit
h t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
, s
hall
with
in
one
yea
r f
rom
the
ent
ry
into
for
ce o
f th
e A
gre
eme
nt
det
erm
ine
the
gro
ss
red
uct
ion
s in
inp
uts
of p
hos
pho
rus
tha
t t
hey
agr
ee
to
see
k
for
Lak
e S
upe
rio
r a
nd
Lak
e H
uro
n
(in
clu
din
g t
he
St.
Mar
ys
Rive
r).
Pen
din
g
suc
h
agr
eem
ent
, s
uch
limi
tati
ons
on
mun
ici
pal
and
indu
stri
al
pho
sph
oru
s
dis
cha
rge
s a
s m
ay
be
req
uir
ed
by
reg
ula
tor
y ag
enc
ies
to m
eet
loa
din
g ob
jec
tiv
es
or t
o p
rev
ent
and
con
tro
l e
utr
oph
ica
tio
n
pro
ble
ms
in L
ake
Sup
eri
or a
nd
Lak
e H
uro
n s
hall
app
ly.
Any
mor
e c
omp
reh
ens
ive
fin
din
gs
res
ult
ing
fro
m t
he
stu
dy
by
the
Int
ern
ati
ona
l Jo
int
Com
mis
sio
n o
f w
ate
r q
ual
ity
in t
hes
e l
ake
s sh
all
be
tak
en
into account as soon as available.
9.
Com
mis
sio
n
Rec
omm
end
ati
ons
.
The
Part
ies
shal
l t
ake
into
acco
unt,
as
soo
n a
s
avai
labl
e, t
he r
eco
mme
nda
tio
ns
of t
he I
nter
nati
onal
Join
t Co
mmi
ssi
on
mad
e p
urs
uan
t to
its s
tud
y
of p
ollu
tion
from
agric
ultur
al,
fore
stry
and
othe
r la
nd u
se a
ctivi
ties,
in o
rder
to d
evel
op a
nd
impl
emen
t ap
prop
riat
e pr
ogra
ms f
or c
ontr
ol o
f in
puts
of p
hosp
horu
s fr
om t
hese
sour
ces.
10.
Moni
tori
ng.
The
Parti
es,
in c
oope
rati
on w
ith
the
Stat
e an
d Pr
ovin
cial
Gove
rnme
nts
and
with
the I
ntern
ation
al Jo
int C
ommi
ssio
n, sh
all c
ontin
ue to
monit
or th
e ext
ent o
f eut
rophi
catio
n in
the
Great
Lakes
Syst
em a
nd t
he pr
ogres
s be
ing m
ade
in re
ducin
g or
preve
nting
it. Th
ey sh
all
consu
lt pe
riodi
cally
to ex
chan
ge t
he re
sults
of re
searc
h an
d to
purs
ue p
ropos
als
for a
dditi
onal
programs to control eutrophication.
11.
Subm
issi
on O
f In
form
atio
n.
The
Inter
natio
nal
Joint
Comm
issi
on s
hall
be g
iven
infor
matio
n at
least
annua
lly,
in ac
cord
ance
with
proce
dures
estab
lishe
d by
the C
ommi
ssio
n in
consultation with the Parties and with the State and Provincial Governments, concerning:
(a) Total reductions in gross inputs of phosphorus achieved as a result of the programs
implemented pursuant to this Annex;
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(b)
Anticipated
reductions
in
gross
inputs
of
phosphorus
for
the
succeeding
twelve
months.
12.
Review
and
Modification.
In connection
with
the
first comprehensive
joint review
of
the. operation
and
effectiveness of the Agreement
conducted
in accordance
with paragraph
3
of
Article
IX
thereof,
the
effects
of phosphorus
control
programs
on
the
Great
Lakes
System
shall
be reviewed
and
further modifications in the programs
undertaken pursuant
to this Annex
shall
be considered.
ANNEX 6
IDENTIFICATION AND DISPOSAL OF POLLUTED DREDGED SPOIL
1. Definitions. As used in this Annex:
(a) ’Dredged spoil’ means the solid materials removed from the bottom of water bodies
generally for the purpose of improving waterways for navigation; these materials may
include mud, silt, clay, sand, rock and other solid materials that have been deposited
from municipal and industrial discharges and from natural sources;
(b) ‘Confined area‘ means an area developed for the deposit of dredge spoil that precludes
the return of the dredge spoil to open portions of the waterway; the area may be located
in the waterway or on other upland sites and may consist of dikes, levees, bulkheads,
cells or any other type structure that will retain the material;
(c) ‘Open-water‘ means any part of the boundary waters of the Great Lakes System other
than a confined area;
(d) ‘Polluted dredged spoil’ means dredged spoil containing harmful quantities of oil,
hazardous polluting substances or other deleterious substances as designated by the
responsible regulatory agencies.
2. Review. Pursuant to arrangements to be made by the International Joint Commission in
consu
ltati
on w
ith t
he Pa
rties,
a wo
rking
grou
p sha
ll be
estab
lishe
d to
under
take
a re
view
of
exist
ing
dredg
ing
pract
ices,
progr
ams,
laws
and
regul
ation
s wit
h the
objec
tive
of de
velop
ing
comp
atib
le c
riter
ia f
or th
e ch
arac
teri
zati
on o
f po
llut
ed d
redg
ed s
p0il
and
reco
mmen
dati
ons
for
comp
atib
le p
rogr
ams
gove
rnin
g th
e di
spos
al o
f po
llut
ed d
redg
ed s
pa”
in op
en w
ater
. Th
is r
ewew
shall
be c
ompl
eted
withi
n tw
o ye
ars
from
the
date
of e
ntry
into
force
. of
the
Agre
emen
t.
The
worki
ng g
roup
shall
condu
ct it
s stu
dy an
d fo
rmula
te it
s rec
omme
ndat
ions
on t
he ba
SIS o
f the
following principles:
—161-
 (a) Dredging activities should be conducted in a manner that will minimize harmful
environmental effects;
(b) All reasonable and practicable measures shall be taken to ensure that dredging
activities do not cause a degradation of water quality and bottom sediments;
(c) As soon as practicable, the disposal of polluted dredged spoil in open water should be
carried out in a manner consistent with the achievement of the water quality objectives,
and should be phased out.
3. Consultations. Upon completion of the review provided for in paragraph 2 above, the
Parties shall consult pursuant to Article IX of the Agreement to consider and act upon the
recommendations of the working group.
4. Interim Actions. Pending the development of compatible criteria and programs:
(a) Dredged spoil found by the appropriate regulatory agencies to be polluted shall be
disposed of in confined areas when they are available;
(b) The responsible agencies shall continue efforts to develop sites for confined areas.
AGREEMENT BETWEEN
CANADA AND THE UNITED STATES OF AMERICA
ON GREAT LAKES WATER QUALITY
APPENDIX I
REDUCTIONS IN INPUTS OF PHOSPHORUS IN LAKE SUPERIOR AND LAKE HURON
The Department of State refers to Embassy of Canada to Section 8 of Annex 2 of the
Great Lakes Water Quality Agreement between the United States and Canada. In that Section, the
United States and Canada undertook jointly to determine gross reductions in inputs of phosphorus
to be sought in Lake Superior and Lake Huron.
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 I
This
m
a
t
t
e
r
h
a
s
b
e
e
n
c
o
n
s
i
d
e
r
e
d
b
y
the
International
Great
L
a
k
e
s
W
a
t
e
r
Quality
Board,
which
has
r
e
c
o
m
m
e
n
d
e
d
,
p
e
n
d
i
n
g
further
studies,
the
adoption
of
the
following
tables
of
gross
reductions
in
p
h
o
s
p
h
o
r
us
loadings
(in
short
tons
per
years):
Lake Superior
 
U
n
i
t
e
d
S
t
a
t
e
s
1
9
7
3
1
9
7
4
1
9
7
5
1
9
7
6
1
9
7
7
Baseload
1
,505
1
,530
1
,555
1
,580
1
,605
Reduction
8
0
145
4
8
0
95
Residual
Load
1,505
1,450
1,410
1,100
1,110
Canada
Baseload
920
935
950
965
980
Reduction
i
m
w
1_0_5
m
Residual
Load
825
835
850
860
870
Lake Huron
United
States
1973
1974
1975
1976
1977
Baseload
1 ,565
1 ,600
1 ,635
1 ,670
1 ,705
Reduction
115
200
210
215
555
Residual
Load
1 ,450
1 ,400
1 ,425
1 ,455
1 , 150
Canada
Baseload
1 ,380
1 ,400
1 ,465
1 ,480
1 ,500
Reduction
130
205
240
_24~5
__2ﬁ
Residual Load
1 ,250
1 , 195
1 ,225
1 ,235
1 ,255
The amounts shown as ‘residual loads‘ in the above tables do not constitute allocations
to the two countries but represent anticipated results of municipal and industrial waste reduction
and detergent phosphorus control programs.
The United States, in consultation with affected States, has reviewed the reductions in
phosphorus loadings to Lakes Superior and Huron recommended by the International Great Lakes
Water Quality Board, and believes that these recommendations prowde a desirable ba5is for an
agreement on reductions in phosphorus loadings to be sought in Lakes Superior and Huron.
Accordingly, the Department of State proposes that the Governments of the United
States and Canada agree to seek to obtain the gross reductions in inputs of phosphorus to Lakes
Superior and Huron as listed in the above tables, in implementation of Section 8 of Annex 2 of the
Great Lakes Water Quality Agreement.
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If
the
fo
re
go
in
g p
ro
po
sa
l
is
ac
ce
pt
ab
le
to
the
Go
ve
rn
me
nt
of
Ca
na
da
,
the
De
pa
rt
me
nt
of
Sta
te
pr
op
os
es
tha
t t
his
No
te
an
d
the
Em
ba
ss
y o
f C
an
ad
a’
s
rep
ly
sha
ll
con
sti
tut
e a
n a
gr
ee
me
nt
be
tw
ee
n
the
Go
ve
rn
me
nt
of
the
Un
it
ed
St
at
es
an
d t
he
Go
ve
rn
me
nt
of
Ca
na
da
. T
he
ag
re
em
en
t s
hal
l
en
te
r i
nto
for
ce
on
the
da
y o
f t
he
Em
ba
ss
y’
s
rep
ly
an
d s
hal
l c
ons
tit
ute
Ap
pe
nd
ix
I o
f t
he
Gr
ea
t L
ak
es
Water Quality Agreement.
Department of State,
Washington, November 21, 1973
No. 470
Th
e
Em
ba
ss
y
of
Ca
na
da
pr
es
en
ts
its
co
mp
le
me
nt
s
to
the
De
pa
rt
me
nt
of
Sta
te
an
d
ha
s
th
e
ho
no
ur
to
re
fe
r t
o t
he
Iat
ter
's
No
te
of
No
ve
mb
er
21
,
19
73
co
nc
er
ni
ng
Se
ct
io
n
8
of
An
ne
x
2
of
the
Gr
ea
t
La
ke
s
Wa
te
r
Qua
lit
y A
gr
ee
me
nt
,
wh
ic
h
Ca
na
da
an
d
the
Un
it
ed
Sta
tes
un
de
rt
oo
k j
oin
tly
to
de
te
rm
in
e
gr
os
s
re
du
ct
io
ns
in
inp
uts
of
ph
os
ph
or
us
loa
din
gs
to
La
ke
Su
pe
ri
or
an
d
La
ke
Huron.
Th
e
Go
ve
rn
me
nt
of
Ca
na
da
re
co
gn
iz
es
tha
t t
his
ma
tt
er
ha
s
be
en
co
ns
id
er
ed
by
the
Int
ern
ati
ona
l G
re
at
La
ke
s
Wa
te
r Q
ual
ity
Bo
ar
d,
an
d t
he
Int
ern
ati
ona
l J
oin
t C
om
mi
ss
io
n,
wh
ic
h
ha
ve
re
co
mm
en
de
d,
pe
nd
in
g f
urt
her
stu
die
s,
the
ad
op
ti
on
of
the
tab
les
of
gr
os
s r
ed
uc
ti
on
s i
n p
ho
sp
ho
ru
s
lo
ad
in
gs
wh
ic
h
ar
e
co
nt
ai
ne
d
in
th
e
De
pa
rt
me
nt
of
St
at
e’
s
No
te
.
Th
e
Go
ve
rn
me
nt
of
Ca
na
da
ag
re
es
tha
t t
he
am
ou
nt
s
sh
ow
n
as
‘re
sid
ual
loa
ds‘
in
the
tab
les
do
not
con
sti
tut
e
all
oca
tio
ns
to
the
tw
o
cou
ntr
ies
bu
t
re
pr
es
en
t
ant
ici
pat
ed
res
ult
s
of
mun
ici
pal
an
d i
ndu
str
ial
was
te
red
uct
ion
an
d d
ete
rge
nt
ph
os
ph
or
us
con
tro
l p
ro
gr
am
s.
Th
e
Go
ve
rn
me
nt
of
Ca
na
da
in
co
ns
ul
ta
ti
on
wit
h
the
Pro
vin
cia
l
Go
ve
rn
me
nt
s
ha
s
re
vi
ew
ed
the
red
uct
ion
s
in
ph
os
ph
or
us
lo
ad
in
gs
to
La
ke
s S
up
er
io
r a
nd
Hu
ro
n
re
co
mm
en
de
d
by
the
Int
ern
ati
ona
l
Gre
at
Lak
es
Wa
te
r
Qua
lit
y
Boa
rd,
an
d
the
Int
ern
ati
ona
l
Joi
nt
Co
mm
is
si
on
,
an
d
pr
op
os
ed
by
the
De
pa
rt
me
nt
of
Sta
te,
an
d a
gre
es
tha
t t
hes
e r
ec
om
me
nd
at
io
ns
pro
vid
e a
des
ira
ble
bas
is
for
an
ag
re
em
en
t t
o s
ee
k r
edu
cti
ons
in
ph
os
ph
or
us
loa
din
gs
to
Lak
es
Sup
eri
or
an
d
Hu
ro
n i
n
acc
ord
anc
e w
ith
the
te
rm
s o
f t
he
Gre
at
La
ke
s W
at
er
Qua
lit
y A
gr
ee
me
nt
.
It
is
the
und
er
st
an
di
ng
of
the
Go
ve
rn
me
nt
of
Ca
na
da
, t
her
efo
re,
tha
t t
he
De
pa
rt
me
nt
of
Sta
te
No
te
of
No
ve
mb
er
21,
19
73
an
d
thi
s
rep
ly
con
sti
tut
e
an
ag
re
em
en
t
be
tw
ee
n
the
Gov
ern
men
t o
f C
ana
da
and
the
Gov
ern
men
t o
f t
he
Uni
ted
Sta
tes
, t
o s
eek
to o
bta
in
gro
ss
red
uct
ion
s
in t
he
inp
uts
of
pho
sph
oru
s t
o L
ake
s S
upe
rio
r a
nd
Hur
on,
as
lis
ted
in t
he
Dep
art
men
t o
f S
tat
e N
ote
,
in
imp
lem
ent
ati
on
of
Sec
tio
n 8
An
ne
x
2 o
f t
he
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt.
Thi
s
agr
eem
ent
ent
ers
int
o f
orc
e o
n t
he
dat
e o
f t
his
rep
ly a
nd
con
sti
tut
es
App
end
ix
1 o
f t
he
Gre
at
Lak
es
Water Quality Agreement.
The
Emb
ass
y o
f C
an
ad
a a
vai
ls
itse
lf o
f t
his
opp
ort
uni
ty
to
ren
ew
to
the
Dep
art
men
t o
f
State the assurances of its highest consideration.
Washington DC.
November 21, 1973
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 “APPENDIX B”
R
E
S
E
A
R
C
H
A
N
D
I
N
V
E
S
T
I
G
A
T
I
O
N
P
R
O
G
R
A
M
S
RELATING
TO
DREDGING
ACTIVITIES
UNDERTAKEN
BEFORE
AND
DURING
THE
PERIOD
SPECIFIED
IN
THE
GLWQA
 
  
 The following status summary of the Dredged Material Research Pro
October, 1974.
Task 1A:
lAOl
1A04
1A02
1A03
1A03A
1A05
1A06
1A06A
1A068
1A06C
1A07
1AO7A
1AO7B
1AO7C
1A07D
 
Research
and
Investigation
Programs
Relating
to
Dredging
Activities
APPENDIX B
Undertaken
Before
and
During
the
Period
SpeCilied
in
the GLWQA
Work Units
Coastal Disposal Area Field Research
Collection & Assessment ol Data
on Open—Water Disposal Sites
Development ol Information Storage
and Retrieval System
Determination 01 Benthic
Colonization Control Factors
Monitoring Equipment, Methodology.
and Institutional Capabilities
Survey
A NationWide Calibration,
Standardization, and Evaluation of
Environmental Monitoring
Instrumentation for the Aquatic
Disposal Research Proiect
Selection of Test Sites and DeSign
of Field Studies, Open7Water
Dredged Material Disposal Sites
Eatons Neck (New Vork) Field Study
An Investigation of the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Eatons Neck
Disposal Site
An Investigation 01 the
Water—Quality Parameters and the
Physico~Chemical Sediment
Parameters at the Eatons Neck
Disposal Site
Baseline Studies of Plankton,
Nekton, and Benthic Invertebrate
Populations of the Eatons Neck
Disposal Site
Columbia River (Oregon) Field Study
An Investigation ol the Hydraulic
Regime, the Meteorology, and the
Physical Nature of Bottom
Sedimentation in the Columbia River
Disposal Site
An Investigation of the
Water—Quality Parameters and the
PhySIco—Chemical Sediment
Parameters at the Columbia River
Disposal Site
Baseline Studies at Benthic
Invertebrate Populations at the
Columbia River Disposal Site
Baseline Studies of Plankton
Populations at the Columbia River
Disposal Site
UNITED STATES
Contractor or Mode of Conduct
lnterlaboratory team. WESl
Concrete Lab, WES
EEL, lwes
MESL, ‘wes
.National Oceanographic
Instrumentation Center,
NOAA, “ Rockwlle, Md.
lnterlaboratory team , WES
Dept. of Geology & Geophysms.
Yale UniverSity,
New Haven. Conn.
State University at New York
at Stony Brook, N.Y.
New Vork Ocean Soience Lab.
Montauk. N.Y.
Dept. of Oceanography,
UniverSity of Washington,
Seattle. Wash.
Oregon State UniverSIty,
Corvallis. Oreg.
Oregon State Universny,
Corvallis, Oreg.
Oregon State UniverSIty.
Corvallis, Oreg.
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Scheduled
Completion
Jun
May
Jun
Jun
Jun
75
75
74
74
75
75
75
75
75
75
75
75
gram.
US. Corps of Engineers
reflects the work completed and in progress as of 1
Funding
Level Status
$308 , 480 Dralt report being
revrewed
84,000 Active
18.600 Completed. Data
input to 1A05
57,000 Draft report being
rewewed
60 . 000 Active
63.300 Active
97,105
Active
2011.000 Active
203,931 Active
208,193 Active
184.866 Active
Being negotiated
Being negotiated
 
1AO7E
1A08
1A09
Task 18:
1301
 
1302
1303
1304
1305
1306
1307
Task 1C:
mm
1 C03
1004
1C05
1C06
Task 10:
1D01
1 002
l DO3
1D04
1006
Work Units
Baseline Studies of Fisheries
at the Columbia River Disposal Site
Ashtabula (Ohio) Field Study
Galveston (Texas) Field Study
Movements of Dredged Material
Investigation 01 Mathematical
Models ior Predicting the PhySical
Fate of Dredged Material
Development oi a Model for
Prediction of ShortrTerm Fate of
Dredged Material Discharged in
the Estuarine EnVIronment
Koh—Chang Model on WES Computer
Assessment of Factors Controlling
the Long—Term Fate oi Subaqueous
Banks of Dredged Maternal
Lonngerm Sediment Transport
Research
Evaluation oi Kothhang Model
(Phase 1) and SenSitiVIty Analyses
Field Verification oi Koh—Chang
Model and Further SenSitiVIty
Analysis
Determination of Chemical Migration
Control Factors
Direct and Indirect Effects of
Sediment Organic Fractions on the
Mobilization and Immobilization oi
Various Contaminants During Dredging
and Disposal of Sediments
Study oi Mobilization and
Immobilization oi PestiCides into
Water Column During Dredging and
Disposal
Study oi Eh. pH. and DO Effects on
Chemical Constituent Migration
During Open—Water Disposal of
Dredged Material
Effect of DisperSIon. Settling. and
Resedimentation on Migration of
Chemical Constitutents During
Open—Water Disposal of Dredged
Material
Assessment of Aesthetic and
Ecological Significance of
Turbidity in Various Aquatic
Environments
Assessment of Equment.
Methodologies, and Institutional
Capabilities Available for
Conducting or Developing
Bioassays
Determination of the Vertical
Migration Ability oi Benthos in
Dredged Material Deposits
Application of Simulated Ecosystem
Modeling to Dredged Material
Research (Phase 1)
Availability of Sediment Absorbed
Heavy Metals to Benthos. with
Particular Emphasis on Deposit
Feeding lnfauna
Contractor or Mode of Conduct
National Marine Fisheries
SerVice. NOAA. Seattle,
Hydraulics Lab. WES
Tetra Tech. Inc..
Pasadena, Calif.
Hydraulics Lab. WES
Texas A&M Research
Foundation. College
Station. Tex.
Contract
Hydraulics Lab. WES
Hydraulics Lab. WES
Effects of Dredging and Disposal on Water Quality
EEL. WES
CRREL‘
EnVIrex, Inc..
Milwaukee. Wisc.
Agronomy Dept. .
Lomsiana State UniverSity.
Baton Rouge. La.
Dept. of Enwronmental
Engineering. University of
Southern California.
Los Angeles. Calif.
Effects of Dredging and Disposal on Aquatic Organisms
Living Marine Resources.
Inc.. San Diego. Calif.
Wapora, Inc.. Washington. DC.
University of Delaware.
Newark, Del.
EEL. WES
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Scheduled
Completion
Oct 73
Jun 74
Apr 74
Jan 75
Aug 73
Feb 75
Oct 74
Jul 74
Mar 75
Jun 74
Funding
Level
28.
98.
126,
94.
89,
97.
46.
49,
67.
400
310
.100
26.
777
. 500
.500
.750
600
680
I71
565
329
664
i 000
Status
Being negotiated
Awaiting proposals
Awaiting proposals
Completed. Final
report published
Active
Complete
Drait report being
reViewed
Being negotiated
Active
Planned
Completed. No
report published
Active
Active
Active
Active
Active
Drait report being
reviewed
Active
Draft report being
reviewed
RFP being
advertised
 
 1007
1008
1009
1010
Task 1E:
1E03
1E04
1E05
1E06
Task 2A:
2A01—2801
2A02
2A03
2A04
2802
Task 2C:
2C02
2C04
2005
2C06
2008
2C09
Work Units
Study of the Availability of
Sediment—Absorbed Pestimdes (DDT,
Chlordane, Malathion) to Benthos
with Particular EmphaSis on
Deposit—Feeding Infauna
DeSIgn and Establish Estuarine
Ecosystem Simulation
The Effects of the PhySical
Characteristics of Suspended
Particles on Benthos (Particle
Concentration, Size Distribution,
and Shape): Comparison of
Geographical Races
Effects of Dredging and Dredged
Material Disposal on Benthos and
the Marine Environment
Pollution Status of Dredged Material
Development of Dredged Material
Disposal Criteria
investigation of Partitioning of
Various Elements in
Dredged Material
Development of Information Storage
and Retrieval System
Biological Assessment of Standard
Elutriate Test
Methodology for Assessmg the
Social, Economic, and EnVIronmental
Effects of Dredged Material Disposal
on Marsh and Upland Areas
Collection and Assessment of Data
on Land Disposal Sites and
Selection of Initial Test Sites
Design of Basic Field Investigation
Environmental impact of Dredging at
Crosby Slough
Nationwide Survey of Dredged
Material Disposal Sites in
Coastal Wetlands Areas
Containment Area Operation Research
Study of the Feasibility of the
Functional Use of Vegetation for
Slurry Filtering, Pollutant
Constituent Removal, and Dredged
Material Desiccation
Development of De5ign and
Construction Guidelines for
Dredged Material Retaining Dukes
Analysis of Functional Capabilities
and Performance of Pervious Dikes,
Sandfill Weirs, and Related
Effluent Filtering Systems
Identification of Nature and
Distribution of Objectionable
Environmental Conditions in
Confined Disposal Areas
Development of Guidelines for
Containment Facility Design
Development of Concepts Using
Low—Ground—Pressure Construction
  
Contractor or Mode of Conduct
LFE Environmental AnalySis
Labs, Richmond, Calif.
EEL, WES
Contract
San Jose State University,
San Jose, Calif.
Texas A&M UniverSity,
College Station, Tex.
(Subcontract to
University of Texas at
Dallas)
EEL, WES
WES
EEL, WES
Upland and Marsh Disposal Environmental Impacts
Battelle Memorial Institute,
Columbus, Ohio
lnterlaboratory team, WES
MESL, WES
University of Wisconsin,
LaCrosse, Wisc.
lnterlaboratory team, WES
EEL, WES
Savannah District. CE
Dept. of Civil Engineering,
Northwestern University,
Evanston, Ill.
Arthur D. Little, Inc.,
Cambridge, Mass.
lnterlaboratory team, WES
MESL, WES
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Scheduled
Completion
Sep 75
Sep 74
Nov 74
Jun 75
Oct 73
Dec 74
Feb 74
Oct 74
Funding
Level
95,
199,
82.
130,
193.
160.
119,
73,
25,
67,
37,
38,
86,
34,
55,
21
237
000
042
953
500
620
,350
274
900
500
000
786
990
000
i 000
Status
Active
Draft report being
reVIewed
Being negotiated
Active
Interim report
published; study
active
Active
Planned
Active
Draft report being
reviewed
Draft report being
reviewed
Draft report being
rewewed
Active
Draft report being
reviewed
Active
Active
Active
Final report in
publication
Draft report being
reViewed
Active
 
Work Units
Eqmpment for Containment Area
Operation and Maintenance
 
2C10 Demonstration of Dredged Material
Drying by Use of Vegetation
5E01 Landscaping Concept Development for
Confined Dredged Material Disposal
Sites
Task 3A: Aquatic Disposal Concepts Development
3A01 Investigation of Subaqueous Borrow
Pits as Potential Sites for Dredged
Material Disposal
3A02 State—ofathe—Art Survey and
Evaluation of Open‘Water Dredged
Material Placement Methodology
Task 4A: ArtifiCial Marsh and Island Creation
4A01 Study of Identification of Relevant
Criteria and Survey of Potential
Application Sites. Including Test
Sites, for ArtifiCiaI Creation of
Marshes
4A03 Survey and Evaluation of Marsh
Plant Establishment Techniques
4A04A Productivny of Minor Marsh Grass
SpeCies and Their Substrate
Selective Properties (Atlantic Coast
Area)
4A04l3 Productivity of Minor Marsh Grass
Species (Gulf Coast Area)
4A05 Modeling of Ecological Successwn
and Production in Estuarine Marshes
4A06 Physiological Response of Marsh
Plants to Envrronmental Stress
4A0? Concept Development and Economic
and Enwronmentat Compatibility
AnaIySIs of Underwater and Floating
Dredged Material Retaining and
Protective Structures
4A08 Development of Guidelines for
Material Placement in Marsh
Creation
4A09 Design and Establish Salt Marsh
Ecosystem Simulation
4A10 Brantord Harbor (Connecticut)
Field Study
4A1] James River (Virginia) Field Study
4A12 Sapelo Island (Georgia) Field Study
4A13 Bolivar Peninsula (Texas) Field
Study
4A13A Topographic Survey of Bolivar
Peninsula Habitat Creation Site
4A14 Grays Harbor (Washington) Field
Study
Task 48: Habitat Development Research
4801 Identification and Assessment of
Modes, Needs, Benefits, and
Constraints of Habitat Enhancement
4804 Essex (Connecticut) Field Study
4805 Columbia River (Oregon) Field
Study
Contractor or Mode of Conduct
Biological Water Puritication,
Inc., New York, N.V.
Roy Mann Assoaates,
Cambridge, Mass.
SPL. " was
JBF SCIentific Corp ,
Burlington, Mass,
Coastal Zone Resources Corp..
Wilmington, N.C.
UniverSIty of Michigan,
Ann Arbor, Mich.
UniverSIty of Georgia Marine
Institute, Sapelo Island, Ga
Dept. of Marine Selences.
Loui5iana State UniverSIty,
Baton Rouge, La.
Dept, of Enwronmental
SCIences, Univ. of Vll’glltlai
Charlotteswlle, Va.
Dept of Marine SCIences,
LOUISIana State UniverSity,
Baton Rouge, La.
EEL, WES
Center tor the Enwronment
& Man. |nc.. Hartford. Conn
EEL. WES
Galveston District. CE
Hittman Assomates,
Columbia. Md
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Scheduled Funding
Completion Level
Dec 75 20,300
Mar 75 39,772
Oct 74 57.500
Jan 75 69,511
Jul 74 86.438
Jul 74 24,967
Jun 75 141,523
Jun 74 24,370
May 75 119.240
Jun 75 145,195
Jun 74 73,000
Jan 75 62.884
Jun 74 185,000
Sep 74 7,000
Nov 74 65,343
Status
Active
Active
Active
Active
Final report in
publication
Final report in
publication
Active
Active
Active
Active
Draft report being
reViewed
Active
Draft report being
reviewed
Planning
Planning
Planning
Planning
Completed — no
report planned
Planning
Active
Planning
Planning
 
5801
5802
5803
5804
Task 40:
4001
Task 5A:
5A01
5A02
Task SC:
5001
5C01A
5C02
5CO3
5C04
5C06
Task 5D:
5001
Task 68:
6801
6802
Task 60:
6C01
6C02
 
Work Units
Regional Identification of Species
Affected by Dredging/Disposal
Operations
Assessment 01 SpeCIes' Habitat
Reqmrements and Responses of
Populations to Habitat Conditions
Study of Successronal Patterns of
Plants and Animals at Upland
Disposal Areas
Review and Examination of Disposal
Area Filling Techniques and Rates
to Identify Nonconflicting Wildlife
Enhancement Alternatives
Product Research
A FeaSIbility Study of Lawn Sod
Production and/or Related Activities
in Dredged Material Disposal Sites
Dredged Material Densrtication
Methodology for Dredged Material
Reclamation and Drainage
A Laboratory Study 01 Dredged
Material Slurry Water Loss Due
to Mechanical Agitation
Disposal Area Reuse Research
Concept Development for Appurtenant
Containment Area Facilities for
Dredged Material Separation, Drying,
and Rehandling
Concept Development — Field
Evaluation
Classification and Determination
of Engineering and Other Physical
Characteristics of Dredged
Material
Systems Cost Analysis of Confined
Disposal Practices
Study of Regional Landfill and
Construction Material Needs in
Terms of Dredged Maternal
Characteristics and Availability
Investigation of Legal, Policy,
and Institutional Constraints
Associated with Dredged Material
Marketing and Land Enhancement
Disposal Area Land Use Concepts
Some—Economic Aspects of Dredged
Material Disposal: Creation of
Waterfront Recreational
OPportunilies in Urbanized Areas
Treatment of Contaminated Dredged Material
Assessment of Chemical, Phy5ical,
and Biological Processes for
Treatment of Dredged Material
Laboratory Treatability Studies of
Polluted Dredged Material
Turbidity Prediction and Control Research
Laboratory Study Related to
Predicting the TurbidityAGeneration
Potential of Sediments to be Dredged
Nature and Degree of Turbidity
Generated by Current Dredging
Practice
Contractor or Mode of Conduct
MESL , WES
MESL, WES
Coastal Zone Resources Corp ,
Wilmington, N.C,
Dames & Moore,
San FranCIsco, Calif
Arthur D Little, Inc.,
Cambridge, Mass.
Dames & Moore.
San Francrsco, Calit.
EEL, WES
Hittman Associates.
Columbia, Md
Hittman Assooates.
Columbia, Md.
EEL, WES
CERL7
Green Assomates, Inc.
Towson, Md.
American Technical
A55istance Corp,
McLean. Va.
Dept. of EnVironmental
SCIences, Univ. of Virginia.
Charlotteswlle, Va.
JBF Scientific Corp.
Burlington, Mass.
EEL, WES
Contract
Contract
Scheduled
Completion
Dec 73
Dec 74
May 75
Jul 74
Oct 74
Nov 73
Dec 74
Feb 74
Nov 74
Jun 75
Aug 75
Jul 74
Mar 74
Jul 74
Apr 74
Jun 74
Funding
Level
45
50.
78,
84.
39.
55.
94.
70,
75.
66.
56.
78.
41
112.
. 000
000
395
810
566
858
. 000
968
.587
000
793
653
. 900
000
_
Status
Completed Jomt
5801 ’5802 report
to be published
Active
Active
Draft report being
reviewed
Active
Final report in
publication
Active
Final Report in
publication
Final report being
prepared
Active
Active
Final report
published
Final report in
publication
Active
Dratt report being
reviewed
Active
RFP being
advertised
 6C03
6C04
6C05
6CO6
2t+ 5
Task 9A
9A0]
m
e
b
w
m
i
—
Work Units
Investigation ot Techniques for
Reducmg Turbidity Associated With
Present Dredging Procedures and
Operations
Assessment of Chemical Flocculants
& FrictionrReduCing Agents for
Application in Dredging & Dredged
Material Disposal
Development Potential ol Dredging
Equipment to reduce turbidity
AnalySis of Functional Capabilities
and Performance at Silt Curtains
Research Results Applications
Information Dissemination and
Technology Transfer System for the
Dredged Material Research Program
Waterways Experiment Station
Environmental Effects Laboratory
Scheduled Funding
Completion Level
Contractor or Mode of Conduct
Contract
SPt, WES Mar /4 24.000
Contract
Contract
Contract
Mobility and Environmental Systems Laboratory.
National Oceanic and Atmospheric Administration
Cold Regions Research and Engineering laboratory, U 8 Army
Spits and Pavements Laboratory
Construction Engineering Research laboratory, U S Army.
CANADA
Status
Proposals being
evaluated
Final report being
prepared
RFP being
advertised i
RFP being
advertised
The fo
llowmg
status
summa
ry of r
esearc
h and
investi
gations
directl
y relat
ed to d
redgin
g actiV
ities in
the Gre
at Lake
s spon
sored
by the
Depart
ments
of Publ
ic
Works and ot Enwronment reflects work completed and in progress as of 1 April, 1975.
Study Title
Pilot Island for
Disposal of
Contaminated
Dredgings
Experiments to
Determine Met
Contractor
Management: D.P W
Construction: Dean
Construction Ltd
Monitoring: D O.E &
Termarex Ltd
Queen's University.
hods ol Kingston, Ontario
Containing Mercury
Polluted Dredg
in Earth Dikes
ed Spoil
Purpose Est. Cost Scheduled Completion Date
The purpose at this proiect is
to study the behaVIour of
contaminants in an artiliCial
island. The study is expected
to indicate appropriate
operating procedures for
filling such an island,
determine the extent of
contamination in the
displaced and supernatant
water, develop necessary
treatment methods where
reqwred, determine the
quantities of contaminants
leaving the island With the
outflow of water through dikes
of different cross section,
through atmospheric release,
and to test various methods
of controlling these
releases.
To study methods 01 retaining
mercury polluted dredged
material inSide earth dikes usmg
dike covering layers of various
naturally occurring materials,
This laboratory study is
carried out to obtain a
correlation between laboratory
experiments and the full scale
study of the Pilot Island for
the disposal of contaminated
dredgings.
$ 30.000 August 1974
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$430,000 Preliminary results:
December l973
Final results:
May, 1915
 
 Study Title
Bottom erOSion
caused by the passage
of vessels through
channels With limited
bottom clearance
DeSign of and tests
With an experimental
cutter
Analysis of a
Pneumatic Dredging
System
Assessment of
Shrouded Clamshell
Buckets
Development of a
Simple Procedure for
Disposal of
Contaminated
Dredgings
Development of
Gwdelines to Assess
the Pollution
Potential of Different
Dredging Methods,
Transportation and
Disposal Techniques
Analy5is of Bottom
Sediments from Great
Lakes Regional
Sampling Programs
Calibration of
X . R. F.
Critical Sediment
Velocmes
Disper5ion, in
Deep Stratified
Water
Contractor
Model Tests Queen's
Universny, Kingston,
Ontario. Full Scale
Tests. Contract not yet
awarded
Pollutech Pollution
Adwsory SerVIces Ltd.
R.L. Walker and Partners
B Cook (Contract
liaison by takes Research
Div., CCIW)
8, Cook (Contract
liaison by Lakes Research
DIViSion CCIW)
(Contract liaison by
Hydraulics Dinion,
CCIW)
B G Krishnappan 7
CCIW Hydraulics (and
contract hardware)
Purpose
The purpose of this study 15 to
to assess the resuspensmn of
bottom sediments by ships in
order to compare the pollution
caused by dredging with the
pollution caused by naVigation.
Full scale tests involvmg
comparisons between a
working dredge and Great
lakes shipping vessels Will
be carried out to verify the
model test results,
The purpose of this study is
to develop a hydraulic dredge
cutter head assembly which WI”
reduce the quantity of fine
bottom sediments resuspended
but not entering the suction
mouth.
The newly developed ‘Pneuma
system has not yet been
introduced into North America
A preliminary assessment has
been carried out,
Quantitative evaluation of the
effectiveness with respect to
pollution control of a
shrouded clamshell bucket
The purpose ot this pi‘oyect is
to prowde a Simple test
procedure to biologically
characterize dredged materials
The proiect WI“ determine
selectiwty and toxicny
responses l0r live chosen
benthic speCies.
The purpose of this proyect is
to establish goidelines to
faCIlitate evaluation of speCific
dredging, transport and disposal
programs on a cori5isterit basis
and to tacilitate determination
of the combined dredging/
transport/disposal practice
least likely to contribute to
the deterioration of water
quality under specific
conditions.
X.R,F analyses of Great Lakes
bottom sediment samples, to show
the regional distribution of
major and trace elements and
nutrients; and to provide data
for factor ana|y5is and
correlation of variables.
Calibration of X,R,F faCiIity,
at CC!W, tor online analyses of
an extended selection of trace
metals.
Compilation of critical
sediment velomty measurements
to be made in sediment flumes,
and to be related to sediments
taken from channel areas of the
ErierOntario basm; to allow
speCIfic channel bed hydraulic
characteristics to be assessed.
Model tests on the disper5ion ol
dumped materials in deep,
midAIake enwronments and the
Significance ol stratification
of the water column At the
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Est . Cost
$ 10,000
$ 20,000
$ 3,000
$ 10,000
$ 12,445
$ 30,000
$ 15,000
$ 2,500
$ 30,000
$ 15,000
Scheduled Completion Date
Model tests:
Full scale tests
expected fall of
19/5
Completed
Tests completed
October, 1974:
compilation
(all. 19/5
March 1973
Fall 1976
February 1974
February 15. 1974
September 1973
March 31, 1973
April 1974
April 1974 (Report by
Krishnappan completed
June 1973)
 Study Title
Construction and
Evaluation of Lake
Column Simulators
Study to Assess
Dredging Activities in
Selected Areas Within
the Great Lakes
Synthe5is and
Interpretation of
Great Lakes sediment
Data
Agricultural
Potential of Polluted
Sediments
Contractor
Techwest (Vancouver)
(Contract liaison by
Lakes Reseaich DiviSion
and Fisheries Research
Board 7 CCIW)
Chemeernvirocon ltd
(Calgary & Vancouver)
Contract liaison by
Lakes Research
DIVISion v CCIW
Lakes Research
DiviSion A CClW
Jane Judge (Proiect
liaison and DI’OjeCl
direction i0intly between
Lakes Research
Dinion 7— CCIW
and Department
Agriculture Research
Station. Ottawa)
Scheduled Completion Date
Purpose Est. Cost
present time, Great lakes data
is almost completely absent and
no theoretical analysis is
available as a viable
alternative to assess this
problem
Phase I to deSign and evaluate Phase I Study should be largely
a ba
nk o
f ei
ght
Simu
lato
r
$ 9
900
comp
lete
d by
Marc
h 1
974
columns approximately 1 m Phase ll
diameter by 4 5 m high, Approx.
and to conduct materials $150,0007
testing to ensure a 200‘000
contaminantefree system.
Phase ll to construct and test
a bank at SIX or eight simulator
colunins‘ half to be used for
Interface and exchange studies
Simulating organic and
inorganic sediment water exchange
processes as observed under
lacustrine conditions and half
to observe and study biotic
processes under controlled
lighting and thermal structure
regimes and in relation to
sedimentrwater systems
$ 55000 March 19/4 (Cost and
completion may change‘
subiect to weather and
dredging schedule)
To assess the effect of
selected dredging and dumping
actIVIties on a BEFORE. DURING,
and AFTER basis Studies have
been deSigned to look at the
phySical and hydrographic
aspects of the Sites, the
geochemistry and engineering
properties of the sediments, and
the related benthic communities
ln addition‘ speCIal studies
have been made to look at the
possmilities of exchange
which may take place in
sediment plumes related to both
dredging and dumping actiwties.
A preliminary assessment of
repopulation of benthic forms
is also included.
To synthesize and interpret all $ 15.000 Final deadline not fixed
available sediment data. from
the Great Lakes region to
indicate the Significance of
sediments from dredging Sites
as a pollutant. to show the
potential background levels of
various nutrient and trace
element compositions, and to
indicate the senSitiVity of the
sedimentary enwronment to
all forms of dredging and
dumping actiVities To
assess all available sediment
data (phySical, geochemical
engineering and stratigraphic)
from the Great lakes region
as it relates to the problem
of all the various forms of
dredging and dumping actIVIties
By means of controlled $ 4000 March 19/11
greenhouse experiments to make
a preliminary assessment of the
ability to develop desuable
textural conditions. the
ability to support plant growth‘
and the relative uptake (plant)
and re5idue (in s0il) of various
toxic "trace metal components
—174—
 
 Study Title
Solubility and
Stability of Metal
Complexes in Dredged
Sediments
Methat Fulvate
Complexes
Treating
Contaminated Bottom
Sediments
Evaluation of
Procedures for
Removing and
Decontaminating
Bottom Sediments In
the Lower Great
Lakes
Lakes St. Clair —
Pilot Island Study
Study of a
Dredge/Dumping
Plume 7 Bronte, Lake
Ontario
197475 Field
Studies at Thunder
Bay, Bronte, Mitchell
Bay, Toledo Islands
1974—5 Field
Studies at
Point Pelee
Contractor
Lakes Research
DIVI3i0n — CClW
V, Cheam (Contract
Liaison lakes Research
DIViSIOn 7 CClW)
H G, Acres 7 Ontario
(Contract Liaison Lakes
Research DIVI5ion 7 CClW)
H.G. Acres 7 Ontario
(Contract Liaison. Lakes
Research Dinion. CCIW)
Chemex—Enwrocon Ltd,
in coniunction With Lakes
Research DiviSion 7 CCIW.
Enwronmental Protection
SerVIce, and Ontario
Provmcial agencies.
Chemex—Envrrocon
C.C,|,W. (in cooperation
With US. Agencies)
C C.|.W.. Parks Canada.
Ontario Prov. Agencres.
(Possibly some contract
work)
Purpose
and the compartmentalization of
such tor polluted sediment
materials taken from selected
dredged sites in the lower
Great Lakes in 1973
To study the solubility and
stability of metal complexes in
dredged sediments under
different conditions. and in
particular the posSIbility of
release of macro and micro
Est. Cost
$ 20.000
Scheduled Completion Date
Fall 1975 program
modified in response to
poor weather conditions
late in 1974 cost
likely to increase to
20 k
nutrients (or tox1cs) by the
leaching action of rainwater or
groundwater percolation
and return to the lakes Special
attention is being given to
both laboratory and ‘in Situ‘
field LySImeter studies.
To complete ongomg studies (Task & December 1973
on metal tulvate complexes portion)
in relation to natural and approx.
artitICIal chelation actiVIty 7 $ 10.000
obtaining thermodynamic data
on meta|7tulwc acid chelation
reactions.
To examine methodsof treating $ 3.000 January 1974
contaminated bottom sediments
and to prepare an outline
deSIgn to study and identity and
develop processes with high
potential. related to
mechanical inver5ion. pelletizing
or chemical stabilization. and
bottom sealing,
To complete an overVIew of $ 38.500 August 1972
the problems and success of
removrng and decontaminating
bottom sediments and to consider
such in relation to dredging
and dumping practices in the
Great Lakes.
To assess the background $ 2,500 March 1974
influences which might affect
the character and effectiveness
of the DPW pilot island protect,
With particular emphasis on
prowsion of background data
relating to Site selection; but
also in relation to adVIce on
dredging locality and
assessment of initial materials
behaVIour as deduced from
cores and LySImeter studies.
To characterize the plume of $ 1.500 February/March 1974
dumped material. at an offshore
lake disposal Site. To assess
the general phy5ica|
characteristics and to prowde
a ba5is for comparison With
theoretical studies completed
at CCIW.
To complete a field survey $ 5000 Fall 19/4
and selective sampling program (approx.)
to assess the effects of dredging.
dumping and disposal at some
period of time Significantly
after the actiVIties were
originally complete (Six
months to ten years or more).
To further investigate the Not yet Part completed by Fall
natural processes of sediment costed. 1974. full report to
transport. accumulation and be aVialable mid41975.
erosion at Pomt Pelee: and
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 Study Title
1974-5 Laboratory
Studies, to complete
a Preliminary
Assessment 01 the
Agricultural Potential
of Selected Lake
Sediments
1974—5 Laboratory
Studies, Continuation
of Lake Column,
Simulator Studies
Review of literature
and reView of all
experimental and
field data available
at CClW, compilation
and preparation of
written material
lor incorporation
in Second Report
of the Canada/US.
Working Group on
Dredging in
the Great Lakes,
Contractor
CCIW and contract
analyses Cooperation
With Canada Department
01 Agriculture. Mc Master
UniverSity & Guelph
UniverSity
CCIW and some contract
support
CCIW and subwcontract
support for preparation
ol documents. and
literature research,
(H G. Acres, Ontario)
Purpose
to assess the interrelationships
between dredging activtties
south of the point. and
shorellne erOSion To look at
the immediate Vicmity ot the
dredge to assess the term of
bottom topography subsequent
to dredging. the term and
general composition of the
plume, and to establish the
malor impact on the
benthic community
To look at the potential use
0t dredged sediments as a SOII
additive or as an agricultural
SOII. SpeCIal attention being
paid to the late 0t various
contaminants Selected sites
are generally of a polluted
nature and include Port Stanleyi
Hamilton Harbour. Lake St. Clair
and Humber bay
To establish, under controlled
conditions the nature and
occurrence Of VENOUS water
sediment, bioturbation, and
selected biological processes 7
typical of those which might
be found to occur in the
dumping of dredged sp0ils.
Particular reference being paid
to those more to><ic compounds
Proiect reduced in scope to
study nutrient release and
DO response because of
limited resources
To complete the CClW
contributions to the Canada/US
IJC Report on Dredging and
assooated actIVities in the
Great Lakes
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Est. Cost
$ 2000
$15000
$ 9 , 000
approx
Scheduled Completion Date
Part completed April 19/4
(M. Sc theSIs)_ further
work to be reported
lall 1974
Preliminary analyses
to be completed by
tall 1974
April 1975
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The
bibliography has been divided into ten separate classifications according to that area of
interest within the context of this report where the reference would be of most value. Within each
classification a code number has been assigned for reference purposes, the first two numbers
corresponding
to the year of publication
or release. Thus
in each
category the most recent
publications appear first.
The listing is not intended to be complete but rather to form a body of literature that covers
the major areas relevant to this report. Extensive references to specific specialist areas are
contained in some of the items cited.
D — Various techniques and equipment used for dredging
T — Methods of treating, transporting and disposal of dredgings
L — Physical behaviour of large bodies of water relevant to determining current and
mixing patterns in the Great Lakes
B — Chemical and biological behaviour of large bodies of water relevant to the Great
Lakes situation
8 — Description of sediments including biological and chemical characteristics and
mass transfer across the sediment water interface
I — Determination of physical, chemical and biological impacts
E — Determination of socio-economic impacts
H — Specific project histories where follow—up work has continued through project
implementation
R — Legislation and regulations
M -— Material of general interest but not falling clearly into any of the above
classifications
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Ref, No.
DGv74001
06—74002
06469001
DGA69002
06—69003
0—7400]
D—74002
D—74003
D‘74004
0—74005
D~74006
D—74007
0—74008
D—73001
D—73002
D-73003
D—73004
D—73005
Title
Dredging and Disposal
Practices on the Great Lakes
Future Dredging and
Quantities in the Great Lakes
Dredging and Water Quality
Problems in the Great Lakes
(Summary Report. References 26
— Vol, 1) (Bibliography, Vol,
9, Dredging and Spell Removal -
Reference 49; Alternative Means
of Disposal 7 Reference 78)
Posmoning Systems for Inland
Waters: A study at Available
Posnion Location Methods With
Recommendations on the
Acquismon of Equipment for
the Survey Vessels 01 the
Canada Centre for Inland
Waters, Burlington, Ontario
Effectiveness of a Hopper Dredge
as an Aerator and Classifier of
Sediments
Model Testing of a Dredge Pump
Gas Removal System
Development and Future of
Dredging
Unloading EqUipment for Gravel
Dredged Examined
Cutterhead Research and
Standardization
Terra et Aqua (International
Journal on Public Works, Ports
and Waterways Development)
Untersuchungen Zum Optimalen
Einsatz von Schneidkoplsang—
baggern (Investigations
into the Optimum Use of
Suction—Cutter Dredges)
Cost/Output Ratio of a Trailing
Suction Hopper Dredger
New Developments in Integrated
Processing Systems on Sand and
Gravel Dredgers
Submer5ible Dredge to Work on
Ocean Bottom
Cutterhead Evaluation and
Improvement Program
Systems Engineering and Dredging
— the Feedback Problem
Automated Cutter Suction Dredge
Operates Successfully in Japan
Schwimmbagger—Greiferbetrieb
Ohne Horizontalbewegung
Author
C.C Cable
W R Murden
C N Raphael
et al
Geospace Eng.
C0.
EP, Fortino
A.W Mohr
W.O, Pohlke
LS. Slotta
T. Turemper
Ir Van Brakel
J.J ,C.M
Van Dooremalen
D R Basco
D.R Basco
T, Kadowaki
J. Kindervater
Source
Proc. 5th World
Dredging Conference.
Hamburg. Germany
Wodcon Assoc
San Pedro, Calif.
Eastern Michigan
Univ YpSIIanti, Mich
US EPA Report
665/3774~029
US. Army Corps
of Engineers.
Buffalo District
Geospace Eng, Co
Report No. 176—2
(Under contract to
Dept, of Energy.
Mines and Resources.
Ottawa)
Great Lakes Lab..
State Univ. of NY,
College at Buffalo
(For the US Army
Corps of Engineers)
Contract DACE 49—697
00039
Proc. 5th Wodcon World
Dredging Conf., Hamburg
Germany, Wodcon Assoc
San Pedro, Calif.
ASCE Journal Waterways.
Harbors and Coastal
Eng. Div
Wored Dredging and Marine
Construction
Proc. 5th Wodcon World
Dredging Cont , Hamburg
Germany, Wodcon Assoc.
San Pedro, Calif.
lnternational Assoc.
of Dredging Companies
BaurMaschine and
BaurTechnik, Wiesbaden.
Dock and Harbour
Authority
Proc, 5th Wodcon World
Dredging Conf., Hamburg
Germany, Wodcon Assoc,
San Pedro, Calif
World Dredging and
Marine Construction
World Dredging and
Marine Construction
Texas A & M Univ,
Dept. Civ. Eng.
Report 173
World Dredging and
Marine Cosntruction
Foerdern und Heben
Mainz.
—180—
100
10
21
54
23
No.
WW2
1974
640
Page/s
2257249
145 p,
5657598
69~84
26—29
437—474
159—162
3667369
369390
13414
14—17
75p
18—21
1497150
 
Date
1974
19/4
Mar/69
1969
1969
1974
May/74
June/74
1974
1974
1974
1974
Mar/73
May/73
Dec/73
Sept/73
Mar/73
 
 Ref. No.
D-73006
D773OO7
D~73008
D-72001
0772002
D—72003
0772004
0472005
0—72006
D—72007
D—72008
0—72009
D771001
D‘71002
D—71003
D—71004
D—71005
D—71006
D—70001
D—7000l
DA7OOO3
Title
(Dredgers » Grab Operation
Without Horizontal Movement)
Concepts in Loading Hopper
Dredges Defined
A New DeSIgn of a Gravel Dredger
Benthic Dredge Construction
The Continuous Dragline Dredge
— A Concept
Ocean Mining Operations
Development of Dredging
Techniques
Compressed Air Dredges
Bartow Maintenance Dredging.
An Enwronmental Approach
Automated Survey and Dredge
Navrgation System
IHC Venturi Draghead
Dredging Approach
New
Concepts In Dredge Automation
Experimentelle Untersuchungen
Ueber die Vorgaenge Beim Loesen
vori Boden am Scheidkopl Eines
Sangbaggers (Experimental
Investigations of the Processes
at the Cutting Head of a
Suction Dredge During the
Loosening of SOII)
Bright Future for Selflote
Dredging Pipelines and Pumps
Dredging Methods for DeepAOcean
Mineral Recovery
The Effects of Solids on
Centrifugal Pump Characteristics
The DeSIgn and Construction ol
an Underwater Dredge
Numerical Dredging
Performance of an Improved
Accumulator for Gas Removal
Underwater Dredge (O S & E.)
Dredge Performance and Costs
with Improved Hydraulic
Techniques for Deep Dredging
in Unclassified Materials
Author
J van den
Boogert
J J C M
van Dooremaleri
T J. Wetherbee
I F Barber
WC 8 Pastoors
N P Campbell
J Elliott
G T Gibson
E C Himpson
J C Gibson
G F C Weedon
lr R deGroot
G R Jessup
K Lauler
Dunlop Co.
Ir R deGroot
J . B Herblch
3
2
A Hunt
R Faddick
1A Mardesrch
1R. Webb
Adams
Herbich
g
;
C
D
3
0
W Bascon
Ole P.
Erickson
Source Vol. No. Pages
World Dredging and 9 3 13-717
Marine Construction
Ports and Dredging. 79 4»12
I,H C . Holland
OllICIal Gazette of 915 1 38 p
the U 8 Patent
Oﬂice (No 3. 762, 0/8)
World Dredging and 8 4 21722
Marine Construction
World Dredging and 8 4 23729
Marine Construction
CIVII Eng in South 14 9 2917302
Africa
International 11 28
Construction
World Dredging and 8 13 5460
Marine Construction
Presented at 11th Annual 2477277
Canadian Hydrographic
Cont , Ottawa (Canadlan
Hydrographic SerVIce)
World Dredging and 8 11 4142
Marine Construction
World Dredging and 8 10 2472/
Marine Construction
Bau—Maschine und 19 7 269—272
BaurTechnik
Wiesbaden
Engineering (London) 211 9 1061
Ports and Dredging. 69 479
| H C , Holland
ASCE Journal Waterways 97 WW2 3857398
Harbors and Coastal
Eng. Div
Advances in Solid LIQUId 2717278
Flow in Pipes and Its
Application Edited by
| Zandi. Oxford.
Pergamon Press
Presented at Earthmoving 3 p,
Industry Cool. Central
Illin0is Section, Peoria.
lllin0is Apr. 57/. 1971
(Somety of Automotive
Eng. Paper No 710522)
Dock and Harbour 11 613 319—320
Authority
Proc. 3rd Wodcon World 219—2116
Dredging Conl., Tokyo,
Japan. Oct, 1970.
Canoga Park. Calil
XYZYX lnlormation Corp
Ocean Industry 5 8 16‘18
Proc. 3rd Wodcon World 209~218
Dredging Conf . Tokyo,
Japan. Oct. 1970.
Canoga Park. Calif.
XYZYX Information Corp,
—181—
Date
Feb 73
19/3
Oct /3
Mar 72
Mar 72
Sept 72
Jan 72
Dec 72
Feb»Mar '72
Oct 72
Sept 72
1972
Dec 71
1971
May 71
1971
1971
Nov'71
Oct, 70
Aug'7O
Oct 70
  
 Ref. No.
0—70004
D-70005
D—70006
D-70007
D—70008
D—70009
D—70010
D—70011
D—70012
D—70013
D—70014
D—69001
D—69002
D «69003
D—69004
D—69005
0—69006
D —6900 7
D—69008
Title
Comparative Fullecale Tests
of a Jet Pump on the Suction of
a Twenty—two Inch Hydraulic
Dredge
Optimum Utilization of Cutter
Dredges
Effect of Air Content on
Performance of a Dredge
Bibliography on Dredging
(2nd Ed.)
Hydraulic Dredging
Research on Dredging
Grab—Buckets
Field Observations of
GraVIty Flow to the Suction
Dredger in Sand Pits
A Nuclear Powered Dredge for
the 705
Suction Booster Pump of Pumping
Dredger
Characteristics of the Jet‘Pump
with Liquids of Different
Density
Sedimentation Effects of Son in
Hopper
Planned by US. Bureau of Mines:
Facility for Studying Offshore
Mining Methods
Optimum Dredging and Disposal
Practices in Estuaries
Decca Dyna—Fox P05itioning
System
Beach Nourishment from Offshore
Sources
Modern Dredging Practice
Suction Dredging Literature
Survey
Offshore Mining System
Unveiled at OTC Meeting
New Flexible Dredging System
from Italy
Author
M.S. Gorton
Ir . A.
Hadiidakis
J, Herbich
R.E. Miller
J.B Herbich
R.H. Snider
I.R. Cooper
J. Huston
H. Iwata
J. de Koning
W,R, Murden
R.E. Donovan
K, Nisl'ii
R. Silvester
S, Vongvisv
sessomiai
T. Yagi
J . Gordon
C.C. Cable
Decca
NaVigation Co.
G. Govatos
I, Zandi
R. Hammond
H.D. Murphy
R.W. Niblock
S.I.R.S.I.
Source
Proc. 3rd Wodcon World
Dredging Conf.. Tokyo,
Japan, Oct. 1970,
Canoga Park, Calif.
XYZYX Information Corp.
Ports and Dredging
I,H.C. Holland
Proc. 3rd Wodcon World
Dredging Conf.. Tokyo.
Japan, Oct. 1970,
Canoga Park, Calif,
XYZVX Information Corp
Texas A 81 M Univ. Center
of Dredging Studies,
Report No. 112—A—CDS
Cornell Maritime Press
Inc.
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan. Oct, 1970.
Canoga Park, Calif.
XYZYX Information Corp
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park, Calif.
XYZYX Information Corp
Proc. 3rd Wodcon World
Dredging Conf , Tokyo.
Japan, Oct, 1970.
Canoga Park, Calif.
XYZYX Information Corp
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park. Calif.
XYZYX Information Corp.
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park, Calif.
XYZVX Information Corp.
Proc. 3rd Wodcon World
Dredging Conf., Tokyo,
Japan, Oct. 1970,
Canoga Park. Calif,
XYZYX Information Corp.
World Dredging and
Marine Construction
ASCE Journal of the
Hydraulic DiVismn
World Dredging and
Marine Construction
Shore and Beach
(Journal of the American
Shore and Beach Preser—
vation Assoc.)
Fred Muller Ltd.
London
Texas A&M Univ,
Center of Dredging
Studies
Report No. 1044CDS
Undersea Technology
Dock and Harbour
Authority
~182—
95
37
49
No,
65
HYl
584
Page/s
1197140
4-8
141—162
88p
319 p.
23—63
349—378
163A208
331‘347
293—315
1—22
18-19
1037114
20-21
40—49
265 p.
121 p.
22—25
78~80
Date
Oct/7O
1970
Oct/7O
DeC/70
1970
Oct/70
Oct/70
Oct/70
Oct/7O
Oct/7O
Oct/7O
Mar/69
Jan/69
Mar/69
Oct/69
1969
Jun/69
Jun/69
Jun/69
 
 Ref. No.
0-68001
0—68002
D~68003
0‘68004
0—68005
D—68006
D—68007
0—68008
D—68009
D—68010
0—6801]
D—68012
D—68013
0—68014
D~6801 5
D—68016
0—68017
D—68018
Title
The Influence of the Conditions
of Spil on the Dredging Output
Hydraulic Model Investigations
in Dredging Practice
Schottel Units for the
Propulsion and Manoeuvring of
Dredging Material and the
Dynamic Posmoning of Offshore
Equipment
The Use of Tracers to Determine
Infill Ratio in Proiected
Dredged Channels
Special 48—inch Dredge for
All—purpose Large Dredging
Proiects
A History of Dredging
The Economics of Dredging
Research Needs of Dredging
Industry
Deep Ocean Mineral Recovery
Slurry Flow Measurements Usmg
Magnetic Flowmeters
A Model NaVigator Based on Laser
Beach Rehabilitation by Hopper
Dredge
Assessing and Controlling
Hydraulic Dredge Performance
Site Testing of Dredging
Equipment and Operational
Research
The Hydro—Dump Barge
Dredging and Sultation — Cause
and Effect
Decca Activities In Coastal and
Offshore Work
Flow Visualization Techniques
Used in Dredge Cutterhead
Evaluation
Author
A.P. H. van
Baardewuk
H,N.C. Breusers
E. Allersma
J. van der
Weide
O. Bussemaker
M.J. Cnckmore
O.P. Erickson
G.L. Gower
R.O, Goss
J . B. Herbich
J , B. Herbich
B, Ketelsen
P. P. Loesberg
L,J. Mauriello
. Mauriello
, Denning
:
0
:
—
'
>
t
_
H.P. McManus
RH. Miller
PriceW.A.
M.P, Kendrick
F. Schnetler
L S. Slotta
Source
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, Calif.
Proc. 3rd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, CaIiI,
institution of CIVII
Engineers, Dredging Symp.
London. 18 Oct. 1967.
Proc. 2nd Wodcon World
Dredging Cont, Rotterdam,
Oct. 1968, Palos Verdes
Estates. Calif
Institution of Civil Eng.
Dredging Symp., London.
18 Oct, 1967,
Institution of CiVil Eng.
Dredging Symp., London.
18 Oct. 1967
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968, Palos Verdes
Estates, Calif.
Proc. 2nd Wodcon World
Dredging Conf, Rotterdam,
Oct. 1968. Palos Verdes
Estates, Calil
Proc. 2nd Wodcon World
Dredging Conf.. Rotterdam.
Oct. 1968. Palos Verdes
Estates, Calif.
ASCE Journal of the
Waterways and Harbors
DiVi5ion
Proc. 2nd Wodcon World
Dredging Cont, Rotterdam.
Oct. 1968. Palos Verdes
Estates. Calif.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct, 1968. Palos Verdes
Estates, Calif,
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam.
Oct. 1968. Palos Verdes
Estates. Calif.
Institution of CIVII Eng.
Dredging Symo, London
18 Oct , 1967.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam,
Oct. 1968. Palos Verdes
Estates, Calll.
Proc. 2nd Wodcon World
Dredging Conf., Rotterdam
Oct. 1968. Palos Verdes
Estates. Calif.
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Vol.
94
WW2
Page/s
465—485
92v116
117~169
55—60
800~811
17—22
698—710
723—733
242—254
224~241
175—188
486—506
399—448
29l~314
31'36
255—290
56—77
Date
Oct/68
Oct/68
Oct/68
Oct/67
Oct/68
Oct/67
Oct/67
Oct/68
Oct / 68
Oct/68
Oct/68
May/68
Oct/68
Oct/68
Oct/68
Oct/67
Oct/68
Oct/68
Ref. No.
D—68019
D—67001
0—67002
D—67003
0467004
D—67005
D—67006
D—67007
0—67008
D~67009
D—6600 1
D~66002
D—66003
0—6300]
Title
An Examination of the Problems
Associated With the
Transportation of Sanerater—
Mixtures in Pipelines and
Centrifugal Pumps
Comparison Tests of Plain and
Rifled Dredge Discharge Pipe
Use 01 Tracers in Coastal
Engineering
Cubic Autotape Electronic
Positioning Equipment in Cook
Inlet. Alaska
Dredging Fundamentals
Use ol Dredges lor Underwater
Storage and Blending System
Reclamation Dredging
Experimental Use of Selle
Unloading Hopper Dredge for
Rehabilitation 01 an Ocean Beach
Ocean Mining — A Potential
Major New Industry
Offshore Dredging for Beach
Nourishment A Challenge of the
Future
Two—Stage Dredging Method Allows
Continuous Operation
Flow Measurement Techniques lor
Hydraulic Dredges
An Optimal Plan of Organizing
Fleet of Dredges
Jet Dredges Work 200 Feet Down
Author
W. Wiedenroth
Brunn
E, Taney
RC, DaVis
F M. Lindsey &
Assocrates
J
Huston
M, Krutein
P McManus
..J. Mauriello
J,L. Mero
J,F. Michel
EB, Bunce
E.P. Fortino
E. Kometani
S. Kawakami
Anon.
Source Vol, No.
Proc 2nd Wodcon World
Dredging Cont . Rotterdam,
Oct 1968 Palos Verdes
Estates, Calif
US. Army Corps of
Engineers. Vicksburg.
MlSS Waterways Exp
Sln, Tech Rep. No
27751
Proc lst Wodcon World
Dredging Conl , New York,
May 6-8, 1967 Palos
Verdes Estates, Calif
Proc lst Wodcon World
Dredging Conf , New York
May 678. 1967 Palos
Verdes Estates. Calit
ASCE Journal Waterways 93
and Harbors DIVISIOn
WW3
Proc, lst Wodcon World
Dredging Conl., New York
May 678, 1967. Palos
Verdes Estates, Calll
Proc. 1st Wodcon World
Dredging Conl., New York
May 6—8, 1967 Palos
Verdes Estates, Calil.
Proc. 1st Wodcon World
Dredging Conl.. New York
May 6—8, 1967. Palos
Verdes Estates, Calit,
Proc. lst Wodcon World
Dredging Conl., New York
May 6—8, 1967. Palos
Verdes Estates, Calil.
Proc. lst Wodcon World
Dredging Conl., New York
May 678. 1967. Palos
Verdes Estates, Calil
Construction Methods and 47 3
Equment
ASCE Journal of the 92
Waterways and Harbors
Diwsron
WW1
Japan Soc. of Civil Eng. 125
Transactions
Engineering News Record 170 9
—l84—
Page/s
537—566
1—16 &
plates.
tables
4357460
4537460
45769
603-624
3397366
367—396
625v642
423—434
84489
109—125
 
Date
Oct '68
Jan'67
May 67
May/67
Aug/67
May/67
May/67
May/67
May 67
May/67
Mar/66
Feb/66
Jan/66
Feb 28/63
 
Ref. No.
TG—74001
 
TG—68001
TA74001
T—74002
T—74003
T— 74004
1174005
1 T—74006
T—74007
T—74008
T~73001
T—73002
T—73004
T— 72001
T—72002
T—72003
 
Title
Can Dredging Be Continued to
Maintain the Great lakes?
Selected Treatment Processes tor
Great Lakes Dredgings
Dredged Sp0il Disposal
GUidelines
Enwronmental Compatible
Techniques for Dumping
Dredge Spoil at Sea
Mathematical and PhySical Model
for the Drying Process in
Dredging Disposal
Literature Revrew on Research
Study for the Development of
Dredged Maternal Disposal
Criteria
Corps of Engineers Dredged
Material Research Program
Practices and Problems in the
Confinement ol Dredged Material
in Corps of Engineers Proiects
Regional Landlill and
Construction Maternal Needs
in Terms of Dredged Material
Characteristics and
Availability
Establishing Salt Marsh
on Dredge SpOil
Present Status of Spoil
Disposal Areas Along the
Houston Ship Channel
DeSign and Economics of
Integrated Tug—Barge Systems
FeaSibility Study of
Hydro-cyclone Systems for
Dredge Operations
Disposal of Dredge Spoil;
Problem Identification and
Assessment and Research
Program Development
San Francisco Bar Dredge
Material Disposal
Bodemtysisch Gedrag van
Opgespoten Baggerspecre uit de
Rotterdamse Havens (Het
Begreppelen van de
Rotterdamse Baggerdepots)
(Physical Behaviour of
Pumped Dredging Materials
from Rotterdam Harbours)
Author
C. Cable
Nebolsine
Toth and Assoc
B Baratz
B.L. Edge
G. Karadi
R Roderick
W. Painter
G.F. Lee
R.H. Plumb
R L. Montgomery
F.H Griﬂis
W L. Murphy
T.W. Zeigler
R. Reikenis
V. Elias
E.F. Drabkowski
W W. Woodhouse
Jr. & S.W. Broome
J. Farmer
P. Giblon
J . Tapscott
R.
R.
W.G. Tiederman
M.M Reischman
M.B. Boyd
et al
R.M. Ecker
A,J.F. Sustar
J.R. Willet
Source
World Dredging and Marine
Construction
U S Army Corps of
Engineers. Buﬂalo District
WAPORA Inc
Washington. DC
Report to U.S EnViron
Protection Agency. Office
of Research and
Development Contract
72P19705
Proc. 5th Wodcon World
Hamburg.
Germany. Wodcon Assoc
Dredging Cont ,
San Pedro, Calil,
Univ of Wisconsm,
School of Engineering,
Milwaukee, Wisconsm
U S, Army Corps of
Engineers. Waterways
Exp. Stn , Vicksburg,
Miss , Contract
Report D~74—1
Proc. 5th Wodcon World
Dredging Cont, Hamburg.
Germany, Wodcon Assoc
San Pedro. Calif.
U S. Army Corps of
Engineers, Waterways
Exp. Stn., SOIIS and
Pavement Labs , Vicksburg.
Miss. Technical Report
D—74A2
US Army Corps ol
Engineers, Waterways
Exp. Stn.. Vicksburg.
Miss. Dredged Material
Research Program
Contract Report D—74—2
Proc. 5th Wodcon World
Dredging Cont, Hamburg.
Germany, Wodcon Assoc..
San Pedro, Calif.
Texas A & M Univ. Center
tor Dredging Studies.
5th Dredging Seminar
Marine Technology
U.S. Army Corps of
Engineers. Waterways
Exp. Stn., Vicksburg.
Miss., Contract Report
D-73~1 (NTlS AD—766 212)
U.S. Army Corps of
Engineers. Waterways
Exp. Stn., Vicksburg.
Miss, (Technical Report
H—72—8)
13th Coastal Eng.
Conf.. Vancouver, B.C.
July 10—14, 1972.
Pub. New York, ASCE,
lngenieur (Hague)
—185—
Vol No Page/s
10 5 24727
721—752
(For addit into.
contract R Ragotskie.
Univ Wisc . Madison)
145 p
121—158
176 p.
1»2 526 p.
51-78
88—89
201‘220
176 p.
121 p
2 913—931
81—812
Date
May 74
1968
19711
1974
1974
Jun'74
1974
May'74
May/74
1974
Jun/73
Jul/73
Jut/73
1972
Jul/72
Feb/72
 Ref. No.
T-71001
TA71002
TA70004
T400053
T-70006
T—67001
T—63001
Title
Economic Transport of Digested
Sludge Slurries
Mercury Removed lrom Waste
Effluent via Ion Exchange
Mercury in the Enwronment
Water — 1970
Utilization of the Pusher Barge
Line System in Reclamation
Proiects
Head Losses in Pipeline
Transportation of Solids
Hopper Dredge Disposal
Techniques and Related
Developments in DeSIgn and
Operation
B C Raynes
H F, Larson
WC Gardiner
F Munoz
L K Cecn
(ed)
R i/Vatanabe
H.A Babcock
L.J. Mauriello
L Cacasse
Source Vol. No.
Page/s
Advances in Solidrliqwd 211—219
Flow in Pipes and Its
Application 7 Edited by
l. Zandi. Oxford.
Pergamon Press, Paper 14
Chemical Engineering /8 19
U.S. Geological Survey 6/ p
Prolesstonal Paper 713.
U S Dept of Interior.
Washington.
American Institute 01 6/ 107 610 p
Chemical Engineers.
Chemical Engineering
Progress. Symposmm
Series
Proc 3rd Wodcon World
Dredging Conf., Tokyo.
Japan. Oct 1970.
Canoga Park, Calif
XYZYX Information Corp,
3797401
Proc, lst Wodcon World 2617304
Dredging Cont, New York,
May 6v8. 1967. Palos
Verdes Estates. Calif
Federal IntervAgency. 5987613
Sedimentation Conf ,
U.S. Government Printing
Office. Washington
—186-
Date
1971
Aug/71
19/0
1970
Oct/7O
May/67
Jun/’63
 
Ref. No.
LG—74001
LG~73001
LG—72001
LG—66001
LG—61001
LG~58OOI
L—74001
L—74002
L-73001
L-73002
L—73003
L765001
L—62001
L—57001
 
Title
Shore Erosmn Studies Along the
Ohio Shore of Lake Erie
Annotated Bibliography of Lake
Ontario, Limnological and
Related Studies, Vol 3 —
Physrcal
Proiect HYPO — An lntenswe
Study of the Lake Erie Central
Basm Hypolimnion and Related
Surface Water Phenomena
The St. Lawrence Great Lakes
Littoral Transport in the Great
Lakes
Geology of the Great Lakes
Methods for Measurement of
Dispersion in Coastal Waters
(Goteburg, Sweden)
Particulate Transport in Coastal
Waters and Effects on Water
Quality
Numerical Modelling of Pollutant
Transport and DisperSIon in Bays
and Estuaries
Storage and Cycling 01
Pollutants in Water Bodies
Mechanisms of Trace Metal
Transport in Rivers
Restoration of the Lakes
Sioarna Trummen, Vaxiosion Och
Sodra Bergundusion Ur de
Fororenade Sioarnas Historia
(Lake Trummen, Sea ol Vaxio and
and the southern sea of
Bergundu from history of the
United Seas),
A Treatise on Limnology
Vol. 1: Geography, Physrcs and
Chemistry
Author
C. H. Carter
J Baldwin
RA. Sweeney
N . M, Burns
C. Ross
A,M, Beeton
D,C. Chandler
L, Baiorunas
J L. Hough
K. Cederwall
C Goransson
T Svensson
W.F. Rittal
D. E. Armstrong
W.C. Weimer
R.
J. Gibbs
S Biork
G. Iundgwst
G E Hutchinsoh
Source
Vol.
No.
Page/s
Ohio Div. ol Geol. Sruvey
Sandusky, Ohio
State Univ. of N.Y.
College at Buffalo,
(US, EPAeR3—73—028c)
(NTIS—PB2223OA)
Centre for Inland Waters,
Paper No. 6, Burlington,
Canada, and
US. EPA Tech, Report
TSPOS~71—208—24
182 p
In 0.6 Frey (Ed)
Limnology in North
America, Madison.
Uan, of Wisconsm Press
5357558
Proc, of 7th Conf. on
Coastal Engineering,
The Hague, Aug. 1960.
Pub. Council on Wave
Research.
The Engineering Found
Richmond, CaIiI,
3267341
Univ of Illinois
Press, Urbana
313 p
Chalmers Univ
of
77
30
p
Technology, Goteburg
U 8 EPA Pac. N.W.
EnViron Res, Lab ,
Corvallis. Oregon
Paper at International 10 p
Conference on Numerical
Methods in Fluld Dynamics.
Univ. of Southampton.
Sept 26—28. 1973
Transactions 16 3 5734577
ASAE
Science 180 71A73
Lund UniverSity, 23 p
Limnologiska Institution,
Lund. Sweden
Skritter Sodra
Sveriges Fiskeritorening
(Writings ol the
Southern Swedish
Fisheries organisation)
Stockholm
John Wiley & Sons 1 1015 p.
New York
—187—
Date
1974
1973
1972
1966
Aug/6O
1958
1974
1974
1973
May/
Junx 73
Apr 6i73
1971
1962
1957
 Ref. No.
86—74001
BGv 74002
86—74003
BG774004
BG— 74005
BG~74006
86474007
BG774008
BG—73001
BG—73002
BG—73003
86—73004
86—73005
BG—73006
BG—72001
BG—72002
Title
Changes in the Fish Species
Composition of the Great Lakes
A Summary and Comparison of
Nutrients and Related Water
Quality in Lakes Erie. Ontario
Huron and Superior
Annotated Bibliography of
Limnological and Related Studies
Concerning Erie and lnlluent
Tributaries
Chemical and Sediment Movement
from Agricultural Land into Lake
Erie
Influencmg the Interchange of
of Soluble Orthophosphate
Between Sediments and Overlying
Waters in Green Bay
Elemental Pollutant Distribution
in Lake Erie and Lake Ontario
Ecosystems
Nitrogen Fixation by
Phytoplankton in Green Bay.
Lake Michigan, in Relation to
Nutrient Concentrations
Investigation of the Heavy
Metallic Pollutants in the
Great Lakes Ecosystem
Annotated Bibliography of
Lake Ontario Limnological and
Related Studies, Vol, II—
Biology
Great Lakes Water Quality
Monitoring Strategy
Aqueous Environmental
Chemistry of Copper and Other
Heavy Metals in Torch Lake and
Selected Waters of the
Keweenaw Peninsula Area 01
Lake Superior
A Study of the Potential
Effects of the Discharge of
Taconite Tailings on Water
Quality in Lake Superior
Annotated Bibliography of Lake
Ontario Limnological and
Related Studies A Vol. 1 —
Chemistry
A Statistical Examination of
Great Lakes Chemical Monitor
Data at Canada Centre for
Inland Waters
Mercury in the Lake Michigan
Environment
Nutrients in the Great Lakes:
A New Comparison
Author
W.J Christie
H.F.H. Dobson
M. Gilbertson
P G SW
R. Sweeney
et al
(3.0. Schwab
J . Syers
C C Thomas
L,N Vanderhoet
et at
W A. Wiliford
E.P, Downing
J.E. Hassan
R.A. Sweeney
GF. Lee
J.M. Lopez
R.H. Plumb Jr.
D. Proto
R.A. Sweeney
W.M.J. Strachan
R . A. Copeland
H.F. Dobson
Source
Journal of the Fisheries
Research Board of Canada
Journal 01 the Fisheries
Research Board of Canada
Great Lakes Lab .
State Univ. of NY
College at Buffalo
(Study done for US.
Army Corps of Engineers)
Ohio State Univ. School
of Agric,. Columbus
(OHOSSrl87)
Univ of Wisconsm
School of Agric
Madison (unpublished
manuscript)
Nuclear Research Center,
S.U.N Y, Buffalo.
Internal Report File
Rel, R640 (unpublished)
Limnology and
Oceanography
US, Dept, Interior
Bureau Sport Fisheries
and Wildlife, Ann Arbor,
Michigan.
State Univ ol New York
College at Buffalo
(U S. EPA»R3773-028b)
(NTIS—P8222303)
Proc. ClC—CCIW Symp.
on Water Quality.
Parameter Selection.
Measurement and Monitoring .
Burlington, Ontario
Univ. of Wisconsm,
Madison (M Sc, theSIs)
Univ. of Wisconsm,
Madison (Ph D. theSIs)
State Univ. of New York
College at Buffalo
(US. EPA—R3—73v028a)
(NTIS—P8222302)
International Assoc. lor
Great Lakes Research,
Proc. 16th Conf. on
Great Lakes Research,
Huron. Ohio, Apr 16—18.
In EnVIronmental Mercury
Contamination by
R. Hartung and
ED, Dinman, Ann Arbor.
Michigan, Ann Arbor
SCIence
Canada Centre for
Inland Waters,
Burlington
(Unpublished manuscript)
1973
—188—
Vol. No. Page/s
31 5 837~854
31 5 7317/38
5V
19 1 1197125
30 p.
550 p.
949—957
71776
82 p.
Date
May/74
1974
Oct/74
1974
1974
1974
Jan/74
1974
1973
1973
1973
1973
1973
Apr/73
1972
1972
 
 Ref. No.
86—72003
864/2004
86—71001
86—71002
86—69001
86—61001
13—74001
87 74002
B—74003
8—74004
Bv 74005
8774006
8774007
B‘74008
B—74009
8774010
Title
Nutrients in lake Superior
Factors in Ecologic
Successmn in Oligotrophic
Fish Communities 01 the
Laurentian Great Lakes
Nutrients in Lake Huron
Water The Ecologic Impact of
the Interactions Among MICI'O'
organisms and Aquatic
Contaminants in Lake Erie.
Phase III. Parts 5. 6. I
Pollution of Lake Erie. Lake
Ontario and The International
Section 01 the St Lawrence
River
Changes in the Bottom Fauna 01
Western lake Erie Irorn 1930 to
1961
Lakes — The Vital Water Resource
in Canada
Indicator SpeCIes vs the Concept
of Community Structure as an
Index of Pollution
Exchange 01 Elements at the
Water—Sediment Interface
Limnology in Canada
A Test 01 the HypotheSIs That
Abiotic Phosphate Complexing
Influences Phosphorus Kinetics
in Epilimnetic Lake Water
Characteristics and Comparative
Magnitude oI Non‘Point Sources
Nutrient Exchange in Waterr
Sediment Interface and Its
Effect on Water Quality
Apply Sediment—Water Nutrient
Exchange Methods to Shagawa
Lake Sediments and to Sediments
01 Other Lakes Destined tor
Restoration
The Algal Bowl, Lakes and Man
Palaeoecological Interpretation
of Cultural Eutrophication
Indicated by the Subtossil
Chironomid Successwn
(Chironomidae. diptera)
Author
H F Dobson
S H Smith
H F Dobson
RM. Ptister
P R Dugan
J I Frea
C.| Randles
7 Int Lake Erie
Water Pol Board.
A Int lake Ont
Water Pol. Board.
7 St Iawrence
River Water Pol
Board
J F, Carr
JK HiItunen
J.P Bruce
J Cairns
E Callendar
D R 8. Lean
F.H Rigler
RC, loehr
C.P Poon
W,D Sanville
IR
Vallentyne
W. I", WarWIck
Source
Vol.
No.
Canada Centre for
Inland Waters
Burlington
(unpublished manuscript)
Journal 01 Fisheries 29
Research Board 01 Canada
Canada Centre for
Inland Waters.
Burlington
(unpublished manuscrtpt)
Columbus, Ohio
Ohio State Univ
Water Resources Center
Proiect Completion
Report No 373x
Report to the 2
International Jotnt
Commissmn
Limnology and 10
Oceanography
Journal of the Fisheries 31 5
Research Board of Canada
Water Resources Bulletin IO 2
Univ ot Michigan
Great Lakes Div.
Ann Arbor. Michigan
(Unpublished manuscript)
Journal 01 the 31 5
Fisheries Research
Board of Canada
(SpeCIaI issue prepared
tor the XIX Congress.
International Assoc
of Limnology. Aug.
1974, Winnipeg)
Limnology and 19 5
Oceanography
Journal Water Pollution 46 8
Control Federation
Univ. of Rhode Island.
School of Eng,
Kingston, R I.
(unpublished manuscript)
U.S. EPA Pac N.W.
EnViron. Res. Lab,
Corvallis. Oregon
Canada Dept of the
Enwronment. Fisheries
and Marine Servrce,
Ottawa
Univ. of Manitoba.
Winnipeg, Man.
(Draft text of
PhD. them)
—189-
Page Is
68 p
71/
40;)
1/2 p
316
551—569
505—512
338
784—788
184971872
186 p
224 p,
Date
1972
Jun 72
19/1
Jun 71
1969
1961
May 74
Apr 74
19/4
May 74
Sept '74
Aug! 74
1974
1974
1974
1974
 Ref. No,
8—74011
13—73001
8-73002
13—73003
8773005
B—73006
B»73007
8—73008
8773009
8—73010
8—7200}
8—72002
8—72003
13—72004
B—72005
8-72006
13—71001
B—71002
Title
An Inexpensive Sampler for
Studying the Michobiology of
River Mud
AnalySis of Periphytic Diatom
Population Structure as a Means
of Monitoring Marine Water
Quality
Toward StatevSpace Models for
Biological Populations
An Analy5is of Factors Governing
ProductiVity in Lakes and
Reserv0irs
Mixing Zone Concepts
The Distribution of Trace
Metals and Fauna in the Firth
of Clyde in Relation to the
Disposal of Sewage Sludge
Coastline Environmental Study:
Thermoclinersewage Field
Relationships Through Microbial
Population Analysis
Feasibility of Restoration of
Mercury Contaminated Bodies
of Water
Role of Phosphorus in
Eutrophication and Diffuse
Source Control
A Note on Iron 7 Organic
Relationship in Natural Waters
The Bottom Fauna in an Oil
Contaminated Lake
Effects of Eutrophication on
Salmonid Communities in
Oliogotrophic Lakes
lndex to Literature Pertinent to
Water Quality Simulation
Windermere: Effects of
Exploitation on the
Salmonid Community
CopreCipitation of Organic
Compounds from Lake Water by
Iron Salts
Eutrophication Assessment Using
Remote Sensing Techniques
Methyl Mercury in Fish
Ecology of Fresh Water
Author
R . M Webster
P H Benson
R H Boling
M. Brylinski
K.H. Mann
C M. Fetteroll
Jr,
W. Halcrow
et al
JD. Jackson
A Jernelov
B Asell
G F. Lee
R.H. Plumb Jr,
L , Bengtsson
H. Berggren
P ,J Colby
et al
J.R Kramer
ED, LeCren
et al
N Sridharan
(3F. lee
C T. Wezernak
F C. Polcyn
A.L, Brown
Source Vol. No.
Limnology and 19 1
Oceanography
Univ of Southern
Calif Los Angeles
(Ph. D theSIs)
Journal Theoretical 40
Biology
Limnology and 18 1
Oceanography
From: Biological
Methods for the
Assessment ot Water
Quality. Philadelphia.
American Soc. for
Testing and Materials
(Special Technical
Publication 528)
Journal of the Marine 53 3
Biological Assoc. of
the United Kingdom
ASME Journal of 958 4
Engineering for
Industry
Proc. Conference on
Heavy Metals in the
Aquatic Environment.
NashVille, Tenn.
Dec. 477, 1973
Water Research 7
Water Research 7
AMBIO. Journal of the 1
Human Environment,
Research & Management
Stockholm.
Journal of the 29 6
Fisheries Research
Board of Canada
Dept of Geology,
McMaster Univ,
(unpublished report)
Journal of the 29 6
Fisheries Research
Board of Canada
EnVironmental Soience 6 12
and Technology
Proc. 8th Int. Symp. 1
on Remote Sensing of
EnVironment. Env,
Res. Inst. of Mich
Ann Arbor. MlChlgal’l.
Report No, 1956
OO»1~X
National lnstitute of
Public Health,
Stockholm
Haivard Univ Press
Cambridge, Mass.
—190—
Page/s
1597161
485~506
1714
31745
7217/39
1020~1022
25p
111—128
5817585
1417144
9757983
64 p.
8197832
103171033
541—551
129 p.
Date
Jan/74
1973
1973
Jam/3
1973
Aug/73
Dec/73
Dec/73
1973
1973
1972
Jun/’72
Apr/72
Jun/72
NOV 72
1972
1972
1971
 
 Ref. No.
13—71003
8771004
15—70001
8470002
8—70003
8769001
8—69002
8769003
13768001
8768002
8766001
13457001
Title
Interaction ol Nitrilotriacetic
Acid With Suspended and Bottom
Material
Methods for the Study 01
Marine Benthos
Mercury in the Enwronment.
SurtiCial Materials of the
Conterminous United States
Aqueous Phosphate and lake
Sediment Interaction
Aquatic Chemistry
Statistical Ecology
Av0idance Reactions of
Salmonid Fish to
Representative Pollutants
A Manual on Methods for
Measuring Primary Production
in Aquatic Erwironments
Controls on Mn, Fe, Co, NI,
Cu and Zn Concentrations in
Scils and Water. The
Significant Role of Hydrous
Mn and Fe OdeeS
Effects of Pollutants on Marine
Organisms, Improvmg
Methodology of Evaluation 7
A Rewew ot the Literature
lnlluence ot Suspended Solids
on the Acute Toxsmty of
Endrin to Fathead Minnows
A Treatise on Limnology.
Vol. 2: Introduction to Lake
Biology and Limnoplankton
Author
JK Taylor
el al
Holme
McIntyre
>
2
U
)
H T Shacklette
RC Gumerman
W Stumm
J.J. Morgan
Edited by
GP Patil
et al
J B Sprague
D.E Drury
R A
Vollenweider
E A Jenne
M Waldichuk
W A Brungs
G.W, Bailey
GE Hutchinson
Source Vol.
U S EPA. Water
Pollution Control
Research Series
16020 GFRO/Wl
NTIS~PB225 023’AS
Int, Biological
Programme Handbook
No. 16,
Blackwell Soientilic
Publications. Oxford
US. Geological Survey
Circ 644, Washington
International Assoc.
tor Great Lakes
Research, Proc
13th Cont on Great
Lakes Research
Buffalo, N Y.,
State Univ College
Apr. 17?. 1970
IntersCIence, Wiley,
New York
International Symp 3V
on Statistical
Ecology. New Haven
Conn. Pub' Univ
Park, Pa, Pennsylvania
State University Press
In Advances in Water
Pollution Research,
Proc 4th International
Cont 01 Water Pollution
Research. Prague. 1969
Pub Pergamon Press ltd
London, 1969
International
Biological Program Ser
No. 12
Blackwell Soientilic
Publications, Oxford
ln‘ Trace Inorganics
in Water, Washington,
American Chemical
Soc . Advances in
Chemistry Series 73
Journal of the Water 41
Pollution Control
Federation
Proc 2lst Industrial
Waste Cont. Purdue
Univ,, May 3~5, 1966i
latayette, Ind
(Eng Ext Series
No 121)
John Wiley & Sons 2
New York
—191—
Page/s
31p
334 p
9p
6/3»682
583 p
169—179
225 p.
3377387
158671601
1115p
Date
1971
1971
1970
1970
1970
1969
1969
1969
1968
Sep 69
May/66
1957
 Ref. No.
86—75001
56—74001
SG—74002
SG—74003
86—73001
86—73002
SG—73003
SCI—73004
86—73005
36—73006
SG~73007
SG'72001
SG—72002
Title
Cultural Impact of Sediments
in Lakes Ontario. Erie and
Huron
Sedimentation Rates and Recent
Sediment History 01 Lakes
Ontario, Erie and Huron
The Distribution and Transport
of Mercury in the Sediments
of the Laurential Great Lakes
System
Transter of Heavy Metal
Pollutants trom Lake Erie
Bottom Sediments to the
Overlying Water
Mercury Distribution in
Sediment Cores from Western
Lake Erie
Chlorinated Hydrocarbon
InsectiCIdes in Sediments
of Southern Lake Michigan
Distribution and Levels ot
Lead and Arsenic in Grand
Traverse Bay. Lake Michigan
Bottom Sediments
Lake Erie Nearshore
Sediments A Mohawk Peint to
Port Burwell, Ontario
Mercury Concentrations in
Chironomid Larvae and Sediments
from Sandusky Bay of Lake
Erie: EVIdence 01
Seasonal Cycling 01 Mercury
The Interstitial Water
Composmon in the Sediments
ot the Great Lakes
I. Western Lake Ontario
Analyses of Phosphorus in
Lake Ontario Sediment
Release of AmmoniumvN
from Sediments to Waters
Changes in C, N. P and S in
the Last 140 Years in Three
Cores from Lakes Ontario.
Erie and Huron
Author
A L W Kemp
et a/
A L W Kemp
et aI
R.L Thomas
L J. Walters. Jr
T L. KovaCik
L T Walters Jr.
H,V, Leland
et al
JR Marsh
R A Minear
D A St. Jacques
N A, Rukavma
E.J. Shoch
(2.8. Sikes
RR Weller
R,K. VVyeth
B.H Byrnes
D.R. Keeney
D.A. Groetz
A.L W. Kemp
C.B.J. Gray
A. Mudrochova
Source Vol. No. Page/s
Canada Centre tor 5/ p
Inland Waters.
Burlington.
(unpublished manuscript)
Journal of 44 1 20/7218
Sedimentary Petrology
Proc of the Int 1~1 r
Cont on Transport 1»23
of Per3istent
Chemicals in Aquatic
Ecosystems Ottawa,
Published National
Research Council of
Canada
Ohio State Uan,
Water Resources
Center (Pro; Compl.
Rep. 421X)
(NTIS PB—230~380)
84 p.
International Assoc. 2527259
for Great Lakes
Research, 16th Cont
on Great Lakes
Research. Huron.
Ohio. Apr 16-18.
1973
Enwronmental SCience / 9 833—838
and Technology
In: Preprints 01 13 2 1-4
papers presented at
166th National Mtg
of American Chemical
Soc. August. 1973.
Chicago, Illin0is
International Assoc 454—467
for Great Lakes
Research, 16th Cont.
on Great Lakes
Research, Huron.
Ohio. Apr 16718.
1973
International Assoc. 183489
for Great Lakes
Research. 16th Conf,
on Great Lakes
Research, Huron,
Ohio, Apr. 16718.
1973
Limnology and 18 6
Oceanography
9137918
International Assoc. 3457348
for Great Lakes
Research, 16th Conf.
on Great Lakes
Research. Huron.
Ohio. Apr. 16-18,
International Assoc. 249—259
tor Great Lakes Research.
15th Conf. on Great Lakes
Research. Madison. Univ.
of Wisconsm — Madison
Apr. 5—7. 1972
In Nutrients in Natural 251—279
Waters, Ed H.E Allen
and JR. Kramer‘s
lntersmence. Wiley.
New York.
1973
—192—
Date
1975
Mar /4
May, 7/1
Jan 74
Apr 73
Sep 73
1973
1973
1973
1973
1973
1972
1972
 
Rel. No.
SGr72003
SG—72004
80772005
SG~72006
SG—72007
SG—72008
SG—71001
SG—71002
SG—70001
36—70002
SG—70003
SG—69001
SG469002
SG—67001
5‘75001
 
Title
The Distribution of Trace Metals
in the SurtICial Sediments
Surrounding Keweenaw Point.
Upper Michigan
Distribution. Composmon. and
Characteristics at the SuriiCIaI
Sediments of Lake Ontario
The Distribution of Mercury in
the Sediments of Lake Ontario
The Distribution of Mercury
in the Sediments of the
DetrOit River
Bacterial and Physical
Characteristics of Lake
Ontario Sediment During
Several Months
Effect 01 Sediment Diagene5is
and Regeneration oi Phosphorus
With SpeCial Reference to
Lakes Erie and Ontario
Strontiumr90 and Cesium~137 in
Water and Deep Sediments of
the Great Lakes
Report on the Occurrence and
Distribution oi Mercury in the
Sediment of Lake St. Clair
Adsorption oi Chlorinated
Hydrocarbon Pesticides by
Microbial Floc and Lake
Sediment and Its Ecological
Implications
Near—Shore Sediments in
Southern Lake Ontario.
Their Dispersal Patterns and
Economic Potential
Report on the Composition ol
Sediments Taken From Three
Stations in Lake St Clair
Geochemical Characteristics oi
Lakes Michigan and
Superior Sediments
The Distribution and Abundance
ot Benthic Fauna in Saginaw
Bay. Lake Huron
Characteristics oi the
Sediment Load in the
St. Clair River
Statistical Evaluation oi Recent
Sediment Geochemical Sampling
Author
P A Smith
JR Moore
1 Thomas
L
R
A .W. Kemp
R I Thomas
R.L Thomas
J M Vanderpost
J.D H Williams
T. Mayer
A Lerman
H Taniguchi
R.I Thomas
W.O. Leshniowsky
P R, Dugan
R.M Pfister
J.|. Frea
CI Randles
R G. Sutton
T,L Lewis
D.L Woodrow
R.L. Thomas
E. Callender
J .C. Schneider
F.F. Hooper
A.M. Beeton
D.B, Duane
PG Sly
Source
Vol.
No.
Page /5
International Assoc
for Great Lakes Research.
15th Cont on Great Lakes
Research, Madison. Univ
of Wisconsm ‘ Madison.
Apr. 57/. 19/2
3837393
Journal ol Sedimentary 42 1
Petrology
66784
Canadian Journal at ‘3 6
Easth SCiences
6367651
Canada Centre for 12 p
Inland Waters,
Burlington
(unpublished report)
International Assoc
lor Great Lakes Research
15th Cont. on Great Lakes
Research. Madison. Univ
01 Wisconsin 7 Madison.
Apr, 57/. 1972
198—213
In' Nutrients in 281—315
Natural Waters.
Ed. H.E Allen and
JR Kramer.
lntersoence, Wiley.
New York
Proc. of 3rd National 460—464
Symp. on Radioecology.
Oak Ridge. Tenn.
Canada Centre for 11 p,
Inland Waters,
Burlington
(internal report)
International Assoc 2V 6117618
for Great lakes Research.
13th Cont on Great
Lakes Researcy. Buffalo.
N.Y.. State Univ.
College. Apr 13. 1970
International Assoc 308—318
for Great Lakes Research.
13th Cont. on Great
Lakes Research, Buffalo.
N.Y . State Univ.
College. Apr 1—3. 1970
Canada Centre tor
Inland Waters.
Burlington.
(internal report)
International Assoc. 124~160
tor Great Lakes Research.
12 Cont. on Great Lakes
Research. Univ of Mich,
Ann Arbor. May 5—7, 1969
International Assoc. 80~9O
tor Great Lakes Research.
12 Cont. on Great Lakes
Research, Univ. of Mich
Ann Arbor. May 5A7, 1969
International Assoc. 115432
for Great Lakes Research.
10th Conf. on Great Lakes
Research. Toronto. Univ.
ol Toronto. Apr. 1012.
1967
Submitted to IX Internat.
Congress Sedimentology.
Nice, France. 1975
(In press)
—193-
Date
1972 .
1972
Jun 72
1972
19/2
1972
Mayr7l
Jun 71
1970
1970
1970
1969
1969
1967
1975
 Ref. No.
3—74001
S- 74002
S—74003
3—74004
$773001
S~73002
5e73003
$773004
8—73005
8—73006
Sv 73007
8—73008
8—73009
8—73010
8—73011
8—73012
8—73013
Title
Protocol for Evaluating the
Nitrogen Status of Lake
Sediments
Sediment Sources, Yield,
Transport, Deposmon and
Properties
Kinetics of Mercury Absorption
and Desorption in Sediments
The Phosphorus Status of
Eutrophic Lake Sediments as
Related to Changes in
Limnological Conditions
Total, Inorganic and Organic
Phosphorus
Nitrogen Release from Lake
Sediments
pH Buffering of Pore Water 01
Recent Anoxic Marine Sediments
Bacterial Decomposition
Processes in Lake Wingra
Sediments During Winter
Field Observations on the
Transport of Heavy Metals
in Sediemnts
The Eh Status of Lake
Sedimenthater Systems in
Relation to Nitrogen
Transformations
The Reduction of Copper
Toxicity in a Marine Copepod by
Sediment Extract
Phosphate Retention by Lake
Sediments
Nitrogen Fixation in Lake
Sediments: AContribution
to Nitrogen Budget of
Lake Mendota
A Study of Lead In Lake
Sediments
Sorption of Copper on Lake
Monona Sediments v Effect 01
NTA on Copper Release from
the Sediments
Dispersion of Contaminated
Sediemnt Bed Load
The Significance of Sediment
Deposits in Large Lakes and
Their Energy Relationships
PhosphOrus Release from
Lake Sediment
Author
D R Keeney
"
U
S
U
)
>
U
)
>
3
3
0
m
H
0
7
P
I
I
'
U
.L. McDowell
. Reimers
Krenkel
. E . Wildung
L. Schmidt
,R. Gahler
R. Austin
.F. Lee
BeneYaakov
.W. Boylen
.0 Brock
.J . DeGroot
. Allersma
, Graetz
A
.R, Keeney
B
Aspiras
.G. LeWIs
Whitfield
Ramnarine
S Lotse
N Macgregor
.0 Peterson
Sanchez
,F. Lee
.W Shen
F. Cheong
.G. SW
.E Wildung
.L. Schmidt
Source Vol . No.
US. EPA Ecological
Research Report
EPA“660i’3*73-024
(NTIS—PBZ33 138)
U.S. Dept Agric
Sedimentation Lab.
Oxford. Miss.
Journal of the Water 46 2
Pollution Control
Federation
Journal of 3 2
Envtronmental
Quality
Journal of the 45
Water Pollution
Control Federation
Limnology & 18 1
Oceanography
Limnology & 18 4
Oceanography
Proc. Cont, on Heavy
Metals in the Aquatic
Environment,
Nashwlle. Tenn,
Limnology & 18 6
Oceanography
Limnology & 18 2
Oceanography
Orono, Maine Univ.
Land & Water Resources
Center. Proiect
Completion Report.
Office of Water
Resources Research
A—0167ME(1)
(NTISePB—223 880)
EnVironmental 4 1
Letters. New York
Madison. WISCOnSln.
Univ. of Wisconsm.
(PhD. TheSIS)
Water Research 7
ASCE Journal of the 99
Hydraulics DIVlSIOn
|.A.H.S.7A I S H.
Publication No. 9.
in: Hydrology of Lakes
Symp , Proc. Helsmki
Symp
Battelle Pactfic NW
Labs. Richland, Wash.
US EPA Report
EPA—R37737024
(NTISrPBe221 342)
—194—
HYLL
Page/s
25 p.
352-365
133—138
870»879
86—94
628-633
9087919
3247326
36 p.
21726
587—593
1947—1965
3837396
185
Date
Feb.74
1974
Feb ’74
1974
1973
Jan/73
Jul/'73
1973
Nov/73
Mar/73
Jun/73
1973
1973
1973
Nov/73
1973
Apr "73
 
 Ref. No.
S-72001
5—72002
S—72003
8—72004
8—72005
8—72006
8-72007
8—72008
5—72009
5—72010
8—71001
8—71002
8—71003
5—71004
8—71005
8‘71006
5—70001
Title
Control of Mercury
Contamination in Freshwater
Sediments
Solubilization of Lead in Lake
and Reservou Sediments
Beneficial Effects ol Dredging
Turbidity; Supposed Toxmties
of Marine Sediments
KvickSIIverundersokningar l
Morrumsans Bottensediment.
1970 (Mercury research in
the bottom sediments of
Murrumsans)
Control of Mercury Pollution in
Sediments
Transfer 01 PestICIdes
Through Water, Sediments and
Aquatic Life
Early Diagene5is in a Reducmg
Fjord, Saanich Inlet, British
Columbia. II. Trace Element
Distribution in Interstitial
Water and Sediment
The Importance of Sediment
Studies in Western Lakes
as a Key to Basm Management
Bunker C Oil in Sediments and
Benthic Animals lrom Shallow
Depths in Chedabucto Bay, N S
Dredging of Mercury—Contaminated
Sediments
Examination of Bottom Deposus.
Long Harbour, Newfoundland, for
Elemental Phosphorous and for
Fluorides
Sedimentation (Suspended Solids)
Formation of Methyl Mercury from
Pure Mercuric Sulphide in
Aerobic—Organic Sediemnt
Migration of Major Constituents
from Lake Sediments into Lake
Water and Its Bearing on Lake
Water Composrtion
Relationships of Salmonellae
to Fecal Coliforms in Bottom
Sediments
Water Chemistry of Toxaphene —
Role of Lake Sediments
Littoral Transport and Energy
Relationships
Author
G. Feick
E E. Johanson
D S Yeaple
C. D. Gregor
J F Gustafson
L Lander
A.L. Martin
C.E. Olney
B.J, Presley
Y Kolodny
B.E St,John
P G. Sly
R,L Thomas
D.J. Scarratt
V, Zitko
D,S. Yeaple
R.A. Horne
G Feick
R,G. Ack
R F Addison
P.J Ke
J C Sipos
H.A. Einstein
T. Fagerstrom
A. Jernelov
. Lerman
.J. BrunskillC
3
)
D.J. VanDonsel
E.E, Geldreich
G,D, Veith
G.F. Lee
L, Baiorunas
Source Vol.
Scientilic Corp ,
Burlington. MA.
U.S EPA Report
EPA~R2—72~077
(NT|S»PB—214 107)
EnVironmental SCIence 6
and Technology
World Dredging and 8
Marine Construction
Institutet For Vatten
Och Luftvardsforskning.
Stockholm.
Midwest Research Inst
Kansas City, US EPA
Report EPA R2772—043)
(NTlS—PB~213J/)
Kingston R.|, Univ 8
Water Resources Center,
(NTlS—PBA213 172)
Geochimica et 36
Cosmochimica Acta,
New York & Landon.
Proc. of the Symp. on
Lakes of Western Canada,
Univ. Alberta, Water
Resources Centre,
Edmonton
Journal 01 the Fisheries 29
Research Board of Canada
Offshore Technology 1
Conf., 4th Annual,
Houston, Texas
Fisheries Research
Board of Canada.
Halifax Lab, N S,
(Tech. Report 233)
International Symp on
River Ecology and the
Impact of Man.
Amherst. Mass,
June 20723, 1971,
Proc, River Ecology
and Man, New York
Academic Press.
Swedish Water and Air
Pollution Research Lab.
Stockholm
Limnology & 16
Oceanography
Water Research 5
EnVironmental SCience 5
and Technology
Proc 12th Coastal 2
Engineering Conf..
Washington, DC.
Pub New York. ASCE
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Page/s
156 p
2787279
44»52
26A32
1073—1090
145—174
134771350
6954702
19p
309—318
6D
8807890
107941087
230—234
787—798
Date
Oct ’72
Mar/72
1972
Feb.’72
1972
1972
1972
1972
1972
May/72
1971
1971
Mar/71
1971
1971
Mar/71
Sep/7O
Rel. No.
8770002
87/0003
Sv70004
8—70005
8—70006
8-70007
8—69001
8—64001
Title
Geochemlsch onderzoek tn
Deltagebleden (Geochermcal
explorations In delta areas)
Aerobic Lake Muds tor the
Removal of Phosphorus from Lake
Waters
ercksllverhalter l
Bottensedrment Fran Mellulryken‘
Ovre HIIIen Och Sodertahevtken
(Mercury content In the
bottom sedrments from
Mollufryken, Ovre Hlllen and
Sodertsllevrken)
Storage of Heavy Metal Salts
In Bottom Deposrts ot Rivers
and Their Eﬂect on the Blocense
ol Mud
Organic Sorptton lrom Aqueous
Solution by Two Clays
Observatlons on the Vrrus
Blndmg Capacrty of Sludges
An Evaluation of Twelve
Commonly Used Benthotoglcal
Sampling Devxces
Laboratory Testlng an 8011
Engrneermg. (Geotechnlcal
Monograph z: 1)
Author
A J DeGroot
G P Frtzgerald
H Lann
G laubenberger
l Hartman
M lelh
RA Baker
E. Lund
J .F. Flannagan
et 3!
T N.W Akroyd
Source
Natuurkundlge
Voordrachten
Nreuve Reeks‘
Van Stockum.
Den Haag, Netherlands
llmnology &
Oceanography
lnstrtutet For
Vatten Och
lultvardsborsknlng.
Stockholm (Reporl 8'62)
Wasserwrrtschaft
Stuttgart
25th Industrtal
Waste Cont
Purdue Untv
51h lnternatlonal
Cont of Advances
in Water Pollution
Research, San
Francxsco and Hawan
Fishenes Research
Board 01 Canada
(unpubllshed manuscrlpl)
Soul Mechanlcs.
London
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Page/s
550—555
372'3/5
5344542
Paper
I724
 
Date
19/0
1970
Jan 70
1970
1970
19/0
1969
1964
 
Ref, No
lGr75001
lG—74001
IG—72001
IG—71001
lG—69001
lG—68001
lG‘68002
I—74001
l—74002
I—74003
l~74004
l—74005
l—74006
l—74007
l—7300l
l—73002
 
Title
Cultural Impact on Sediments in
Lakes Ontario. Erie and Huron
Dredge Sp0i| Pollution in
Michigan's Lake Superior
Harbours
Evaluation of Procedures for
RemoVing and Decontaminating
Bottom Sediments in the Lower
Great Lakes
Procedures for Determining the
Effects of Dredged Sediments on
BiotaABenthos Viability and
Sediment SelectIVIty Tests
Studies on the Effects of
Dredged Materials lorrn Selected
Great Lakes Harbors on Plankton
and Benthos
Investigation 01 Treatability
and Effect on Biota ol Dredged
Materials from Selected Great
Lakes Harbors
Small—Scale Patterns of Spatial
Distribution of the Lake
Michigan Macro—benthos
Dredging Seminar
Ecological Survey Dredging
Data Gathered by Remote
Sensmg
Simulation of Water Quality in
Tarawera River
Dredge Spail Distribution and
Estuarine Effects
Dredging and the Environment:
The Plus Side
Water Quality Impacts of
Sediment Dredging in Large
Lake Systems
Processes Responsible for Water
Quality Changes During Pipe
Dredging in Marine Enwronments
Ecology, Economics, Dredging r
A Balancmg Point for
Navigation
Underwater Observations on
Tracks of Dredges and Trawls
and Some Effects ol Dredging on
a Scallop Ground
Author
A L W Kemp
R L Thomas
J M. Jaquet
D G Leddy
T D Weight
Acres
Consulting
Serwces
Niagara Falls
J.E Gannon
A.M. Beeton
J.E. Gannon
A.M Beeton
W,P Alley
R.F, Anderson
Herbich
et a/
D, Pirie
M. Murphy
J. Rutherford
M. O'Sullivan
L.S. Slotta
T.E. Turner
W.J. Weber
H.L, Windom
Anon.
J.F. Caddy
Source
Vol.
No.
Page/s
Canada
Centre
for
57
p
Inland Waters.
Burlington
(unpublished manuscript)
international Assoc
tor Great Lakes Research.
17th Cont on Great
Lakes Research.
(in press)
Report prepared lor
Canada Centre for
inland Waters.
Burlington
132 p
Journal of the Water 43 3
Pollution Control
Federation
392—398
Univ 01 WISCOI’VSIn. 82 p,
Milwaukee (SpeCial
Report No. 8)
Univ of Wisconsm.
Center for Great
Lakes Studies
249 p.
International Assoc 1010
for Great Lakes Research.
11th Cont on Great
Lakes Research,
Milwaukee, Univ. of
WisconSin, Milwaukee
Apr. 18~20. 1968
Proc, of 6th Seminar,
7 papers. Texas A & M
Univ., Dept, CIVII Eng
Report CDS—176
World Dredging and 10 9
Marine Construction
36—40
Proc. ASCE Journal 100 EE2
Enwronmental
Engineering
369390
Oregon State Univ.
School 01 Eng.
Corvallis (Abstract
in Water Resources
Research Cat. Sect. 5)
1974
CNN Engineer 44 10 62—65
Univ. of Mich.
School of Eng.
Ann Arbor. Michigan
(Abstract in Water
Resources Research
Cat. Section 5. 1974)
Proc. 5th Wodcon World
Dredging Conl., Hamburg.
Germany, Wodcon Assoc,
San Pedro, Calil.
World Dredging and
Marine Construction
753—798
64 —68
Journal of the 30 2 173—180
Fisheries Research
Board of Canada
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Date
1975
1974
1972
Mar 71
1969
1968
1968
1974
Aug/74
Apr/74
1974
Oct '74
1970
1974
Dec/'73
Feb/73
 Ref. No.
|A73OO3
l—73004
|473005
l—73006
[773007
l—73008
l—73009
lv73010
|e73011
|A73012
lr72001
l-72002
l—72003
#72004
|—72005
l—72006
Title Author
En
wr
on
me
nt
al
Eff
ect
s o
f
J.
B
He
rb
ic
h
Dr
ed
gi
ng
R
E.
Sch
ill
er
Jr
Eff
ect
of
Spa
il
Dis
pos
al
on
W.
Le
at
he
m
Ben
thi
c
Inv
ert
ebr
ate
s
P
Kin
ear
D Maurer
R Biggs
W Treasure
Bio
log
ica
l
Eff
ect
s
of
Oc
ea
n
SD
,
Pra
tt
Dis
pos
al
ol
Sol
id
Wa
st
es
et
al
Mor
tal
ity
of
Mar
ket
-Si
zed
C.
D
Ros
e
Oysters (Crassostrea Virginica)
in the Vicmity of a Dredging
Operation
Research to Determine the
Enwronmental Response to the
Deposmon ol Sp0il on Salt
Marshes Usmg Diked and
Undiked Techniques
Dre
dgi
ng
Res
tor
es
Dyi
ng
Inl
and
J.R
.
Sne
ll
Lakes
St
ud
ie
s
in
Sw
ed
en
on
A
Je
rn
el
ov
Fea
SIb
ili
ty
of
So
me
Me
th
od
s
H.
La
nn
for Restoration of Mercury
Contaminated Bodies of Water
Eco
log
ica
l B
ene
fit
s
01
Hyd
rau
lic
T.
M.
Tur
ner
Dredging
Permit Application by Radclitf
Materials Inc, — Dredging of
Deadreef Shells, Mobile.
Alabama
Maintenance Dredging, New Haven
Harbor, Connecticut
Studies on the FeaSibility of
Some Methods tor Restoration
01 Mercury Contaminated
Rivers and Lakes In Sweden
Eco
log
ica
l
Eff
ect
s
of
Dr
ed
ge
d
J
F
Gu
st
af
so
n
Borrow Pits
Kvi
ckS
ilv
eru
nde
rso
kni
nga
r
i
H,
Lan
n
Samband Med Muddring av
chksilverkontaminerat
Sediment i Hallsfiarden.
1970—1971 (Mercury research
in connection with dredging
of Hg In contaminated
sediments at Hallstiarden)
Effect of U. Grimas
N A. Nilsson
C Wendt
Lake Vattern:
Explaitation and
Eutrophication, and
Introductions on the
Salmonid Community
Maintenance Dredging and Jetty
Repair, Hampton Harbor, New
Hampshire
Environmental Aspects ol H L Windom
Dredgings in Estuaries
Source Vol .
Proc, 5th Wodcon World
Dredging Cont Hamburg,
Germany, Wodcon Assoc
San Pedro, Calif
Marine Pollution 4
Bulletin
Univ of Rhode
Island (Tech
Report 9)
Chesapeake Science 111
Skidway Inst of
Oceanography
Savannah, Ga,
(Annual Prog.
Report No. 2)
World Dredging and 9
Marine Cosntruction
EnVironmentaI 7
Sizience & Technology
Proc. ASCE National
Water Resources Eng.
Meeting. Wash., D C,
(Final Enwronmental
Statement)
US. Army Corps of Eng.
Mobile. Alabama
(NTlS A ElsiAL—73705427F)
(Final Enwronmental
Statement) U S. Army
Corps of Eng , Waltham,
Mass,
(NTIS r ElS—CT‘73713577F)
Report of the Swedist
Water and Air Pollution
Research Lab. Stockholm
World Dredging and 8
Marine Construction
Institutet For Vatten
Och Luttvardstorskning
(unpublished report)
Stockholm
Journal of the 29
Fisheries Research
Board of Canada
(Final Enwronmenlal
Statement) US Army
Corps of Engineers.
Waltham, Mass.
(NTIS EIS—NH—73—06OS‘F)
ASCE Journal ot the 98
Waterways. Harbors and
Coastal Engineering
DiViSion
~198—
No. Page/s
20 p
8 1227125
53 p
2 135~138
14 30734
8 712—718
1874
187 p
270 p
17 p
10 44—48
6 D
6 8077817
WW4 4757487
Date
1973
Aug/73
1973
Junx73
Mar i 73
1973
Aug.’73
1973
1973
Aug’73
1972
Sep/72
Feb/72
Jun "72
Sep/72
1972
 
 Reft No.
I771001
b71002
l—71003
lr71004
1771005
l-71006
1770001
lr/0002
l~70003
|— 70004
#70005
| v 70006
|v70007
Ir 70008
Title
The Development of Lake Trummen
As An EnVIronmenlal Problem
The Santa Barbara OIl Spfll
— Part 2 r lnItIaI Effects on
lntertldal and Kelp Bed
OrganIsms
A Study 01 the Effects of a
CommercIal HydraulIc Clam
Dredge on Benthlc Communltles
In Estuarlne Areas
Transfer of RadIo—actlve
MaterIals from the TerrestrIal
EnvIronment to AnImals and Man
Utrednlng av Molltgheterna TIll
KVIckSIlversanerIng I
Mellanfryken (lnvestIgatIon
of pOSSIbIIItIes to control
Hg contamInatIon at
Mellanfryken)
Undersokmngar av
KVIckSIlverhalter l SedImenn
Vatten Och Landdeponerat
Slam l Samband Med MuddrIngar |
Trummen (Research on the
Mercury content In sedlment,
water & land — deposded
sludge In connectIon WIth
dredglng at Trummen)
U.S. Senate Heanngs on the
Effects ol Mercury on Man and
the EnVIronment
An Assessment of the
ASSImIIatIon of Elemental
Phosphorous by Newfoundland
MarIne Organfsms In the 1969
PollutIon Problem and In 1970
MonItorIng Operatlons
Phosphorus, NItrogen and Algae
In Lake WashIngton After
DIverSIon of Sewage
PerSIstent PestICIdes In the
EnvIronment
Release of Methyl Mercury from
Sedlments WIth Layers Contammg
Inorganlc Mercury at Dltferent
Depths
Aspects on the TOXICIty ot
Cadmlum and Its Components
Inland Lake Dredgmg Evaluatron
A VIbro Corer and Portable
TrIpodrwmch Assembly for
Through Ice Sampllng
Author
S Blork
G ngerteldt
U lettevall
M Foster
M Neushel
R Zlngrnark
M K. Godcharles
R J Green
A Jernelov
H lann
E Lohrden
A Jernelov
M Lord
R G Ackman
R F Addlson
J HIngley
W T. Edmondson
C.A Edwards
R S Adams
A Jernelov
R, NIlsson
N D PIerce
P G Sly
K Gardener
Source
A Report prepared by
'The Lake RestoratIon
Researchers Team‘.
[MW of Lund, Sweden
Enwronmental
Pollutlon
FIorIda Dept
Natural Resources.
Mar Res Lab
Technlcal Serles
Chemtcal Rubber
PublIshIng Co
Cleveland. III
CrItIcal ReVIew In
EnVIronmental Control
lnstItutet For
Vatten Och
Luftvardstorskmng.
Stockholm
(Report 8‘93)
Instltutet For
Vatten Och
lultvardsforskmng.
Stockholm
U.S Government
PrIntIng OﬂIce.
for the Comrmttee
on Commerce
FIsherIes Research
Board of Canada.
Technlcal Report
No 208. HalIlax
Lab. N S
SCIence
Chemical Rubber
Publlshlng Co
Cleveland. lll
CrItIcal Revuew
In Enwronmental Control
LIrnnology &
Oceanography
Swedrsh Natural
SCIence Research
CounCIl e Ecologlcal
Res, Com Bul No /
Arsbok
Dept, Natural
Resources. MadIson.
Wlsconsm, (Tech
Bulletm No 46)
lnternatronal Assoc
for Great lakes
Research, 13th Cont
on Great Lakes Research
Buffalo. N Y . State
UnIv College.
Apr 173. 1970
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Vol. No Page/‘5
39 p
2 115 p
6/1 58 p
2 337
7 p
2 234-239
39 p
169 690
1 1 7767
15 (a 958—960
2V 297—307
Date
Feb 71
1971
Jul 71
1971
Feb 71
1971
1970
1970
Aug 70
Feb 70
Now/0
1970
1970
1970
 Ret‘ No. Title Author Source Vote No. Page/s Date
l—7000
9 M
ethyl
Mercur
y
G Tot
froth
Swedts
h Nat
ural
1970
Sctence Research
Councwt r Ecologxcal
Res Com But No /
Arsbok
|r6900
1 B
ottom
Sedime
nt Sa
mptmg
P G.
Sly
tnterna
tlon A
ssoc
88378
98
1969
for Great lakes Research.
12th Cont on Great
Lakes Research Unw
0t Muchtgan, Ann Arbor,
May 5—1‘ 1969
l—66001
Changes
In the
Oxygen
Deflcrt
W T E
dmonds
on
Verh
Int Ve
rem
16
Dec 66
01 Lake Washrngton Theoret Angew
Ltmnol (Proc of
Int SOCIety tor
theoretical and applted
Irmnology) Stuttgart.
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 Ref. No.
E6773001
EG~001
E—74001
E—73001
E—73002
E—72001
E—71001
E—71002
[-71003
E—71004
E—71005
E771006
E—71007
Ev7000l
E—69001
E—66001
E«001
Title Author
Great Lakes Red Book
Great Lakes Water Use Map
(First Edition)
Les répercussmns de
l'eprOitation industrielle des
sables et grawers sur
I'enVironnement marin et sur
les actiwte’s economiques du
domaine maritime (The
Impacts from the industrial
eprOItation ol sand and gravels
on the marine enVIronment and on
the economic actiVities of the
maritime region)
A P Cressard
Ecology, Economics and
Dredging
Fisheries Fact Sheet
Annual Statistical Rewew oi
Canadian Fisheries 1956—1971
Fisheries and Forestry Annual
Report tor 1969~7O
Fisheries Statistics ol Canada,
Canada Summary, 1971
Fisheries Statistics: Ontario,
Prairie Provmce and Northwest
Territories — 1971
Shipping Report 1971, Part |
and ll: International
Seaborne Shipping
Shipping Report 1971. Part III:
CoastWIse Shipping
Traffic Report of the
St. Lawrence Seaway, 1971
lnterdepartment Task Force on
Fishing Harbours, Final Report
The Seaway in Canada‘s D.W. Carr
Transportation ~ An Economic and Assoc.
AnalySIs
Economic Atlas ol Ontario W,B. Dean
A Summary 01 a Study oi
Ontario's Marine Highways in
Relation to Recreational
Boating Requirements
Ontario/Canada Boating
Source Vol. No. Page/s Date
Fourth Seacoast
Publishing Co Inc
St Clair Shores, Michigan
1973
Canada. Dept 01
EnVironment. Ottawa
CNEXO French National 37 p
Centre for the
EprOitation oi the
Oceans. Paris
1974
(Summary Proc. of
California Marine Aﬂairs
and NaVigation Conference)
303 World Trade
Center. San Francisco.
Calif 94111
46 p. 1973
Enwronment Canada.
Fisheries and Marine
Serwce, Ottawa
1973
Intelligence Sen/ices 1972
Div Marketing Serwces
Branch, Fisheries
Sen/ice. Dept, of the
EnVironment
(Cat. No. FS1A9/l971)
Dept, oi Fisheries
and Forestry
(Cat, No, 1—1970)
Statistics Canada.
Ottawa
1971
27 p 1971
Statistics Canada.
Ottawa
24 p. 1971
Statistics Canada, 2V 1971
Ottawa
Statistics Canada, 1971
Ottawa
929
St. Lawrence Seaway 1971
Authority. Queen's
Printer
(Cat, No, T82—2/l971)
Queen’s Printer.
Ottawa
1971
Ottawa 1970
Univ. of Toronto 1969
Press, Toronto
Ontario Dept, of 1966
Tourism and
information,
Toronto
Ministry of Industry Annual
and Tourism
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 Ref. No.
HG-73001
HG—71001
H774001
H—74002
H774OO3
H—73001
Hv73002
H773003
H—73004
HA73005
H-73006
Hr 73007
H~73008
H—73009
H—73010
H—73011
H—73012
Title
Effects 01 Settling Time on
Quality 01 Supernatant lrom
Upland Dredge Disposal
FaCiIities
A Difquion Model for Green Bay.
Lake Michigan
Priorities and lnconSIstenCIes
in the EnVironmentaI
Protection of the New York
Harbour
Dye and Drogue Studies 01 SPOII
Disposal and Oil Disper5ion
Experimental Dredging to
Convert Lake Bottom from
Abiotic Muck to Productive Sand
Dead and Dying Lakes and Rescued
by a Dredge With Chopper
Planktonic Changes Followmg
the Restoration of Lake
Trummen. Sweden
Houstonhannel, Galveston Bay.
Texas: Report 1 r Hydraulic
and Salinity Verification
Occurrence and Behawour of
Heavy Metals in River Deltas
with SpeCIal References to the
Rivers Rhine and Ems
Envuronmental Aspects of
Jacksonville Harbour Protect
The Distribution of Mercury.
Lead. Zinc. Copper and Cadmium
in Long Island Sound Before
and Alter Dumping of Dredged
Wastes
First Annual Report of Protect
Quinte lor 1972
Dredging and SpOiling on Long
lsland
Consolidation Characteristics
of Dredging Slurries
The Effect of Dumping Dredged
Wastes on the Heavy Metal
Content of Bottom Sediments in
a Disposal Site in Long Island
Sound
Effects ol Hopper Dredging and
ln—Channel Spoiling in Coos Bay.
Oregon
1972 Permanent Station Water
Chemistry Survey
Author
GA Ritchie
JN Speakman
W.F Ahrnsbrak
T R. Glenn Jr.
V Klemas
D Maurer
W. Leathem
W. Treasure
P Kinner
R.L. Wilbur
Anon.
G. Andersson
G. Cronberg
C. Gelin
W.H. Bobb
R.A Boland Jr
A J. Banchetti
O J. De Groot
W.S Eisenberg
J.D. Gassaway
F.T. Daugherty
D A Hurley
J S, O'Connor
A.B. Salem
R J. Krizek
R.E. Smith
C.K Sollitt
et 3/
D M Wagner
D,T Wahlstrom
Source Vol, No.
International Assoc
for Great Lakes Research.
16th Cont. on Great
Lakes Research
Univ. of Wisconsm.
Sea Grant Tech. Report
No. 7 (Ph D. Thesis)
(WISeS6A71—2O7)
6th International
Harbour Congress.
Antwerp, Section 5.
Paper 5.03
Jourrial Water 46 8
Pollution Control
Federation
Water Resources 10 2
Bulletin
Engineering 190 21
News Record
AMBIO. Journal of 11 1/2
the Human Enwronment,
Research and Management.
Stockholm.
U S. Army Corps of
Engineers. Waterways
Exp. Stn,, Vicksburg.
Miss, (Tech. Report
H773712)
(NTlS AS—766 693)
North Sea Science.
M,l T, Press. Cambridge.
Mass.
ASCE Journal of the 99
Waterways. Harbors and
Coastal Engineering
DIVtSIDn
WW2
Interocean '73
Paper IO 737502
Glenora Fisheries Station.
Ontario. (internal
report)
State Univ, of New
Vord. Stony Brook.
Marine Sciences
Research Center
Tech. Report No 19
ASCE Journal of the 99
Waterways. Harbors
and Coastal
Engineering Dinion
WW4
In. lnterocean '73:
Int Kongresz mit
Ausstelung fur
Meeresforschung und
Meeresnutzung. Dusseldorf
Nov 13718. 1973
Paper lO 737503
Oregon State Univ.
School of Oceanography
Corvallis (report)
Reserve Mining Co.
Silver Bay. Minn,
(Protect 23:2208—1)
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Page/s
3217328
81p
2026—2034
3727383
18—19
44747
59p
2657277
711v721
30 p.
34 p,
439—457
7227726
133 p
39p
Date
1973
Aug/ll
May/74
Aug/74
Apr/74
May/73
Feb /73
Aug/73
1973
May/73
1973
1973
Nov/73
Nov/73
1973
1973
Oct/73
 
H—73013
H—72001
H—72002
H772003
HA72004
HA72005
H—72006
H—72007
H-72008
H—72009
H—71001
H—71002
H—71003
H—71004
H—71005
H—7000I
H—70002
HA7OOO3
HA7OOO4
HA70005
H—69001
 
Ref. No. Title
Water Quality Changes in an
Impoundment as a Consequence of
Artificial Destratification
Botany Bay Dredging Vigilance
Summary of Test Results — SIRSI
Pneuma Pump System
Final Environmental Statement,
Erie Harbour, Pennsylvania
Real or Imaginary Dilemma
The Red Herring Pollution
Arismg in Placentia Bay.
Newfoundland. A General
Description and Chronology
Foerdertechnische Aulgaben Bel
Der Neulandgewmnung (Materials
Handling In Land Recovery)
Assessment of the Environmental
Effects Accompanying Upland
Disposal of Polluted Harbor
Dredgings, Ashtabula Harbor.
Ohio
Management ot the Thames
Dredge Sp0i| Disposal in
Rhode Island Sound
Birdlife on the River Thames
The Effects ol Dredging on Water
Quality in Northwestern U.S.A.
Pollution Control and the Port
of London
Pollution of the Water
Thames Trout and Other Fishes
Report of the Task Force -
Operation Oil to the Minister
of Transport
Dredging and Water Quality
The Role Played by the Fisheries
Research Board of Canada in
the 'Red‘ Herring CriSis in
Placentia Bay, Newfoundland
The Copacabana Beach
Reclamation Proiect
Die Zunahme Der Belastung Des
Bodensees (The increase of
loading in the Bodensee)
CoeXistence of a Fishery and
a Maior Industry in
Placentia Bay
Author
C.M. Weiss
8 W Breedlove
V. L. Andreliunas
C.G. Hard
PS Chamut
S G. Pond
V R. Taylor
G. Hande
R P Leonard
D.B. Dahm
J.H, Potter
SB. Saila
el al
P.J. Grant
G. O'Neal
J. Sceva
J.A. Potter
J.A. Tetlow
A, Wheeler
B.W Allen
P.M Jaanyard
M Valente
Nicoletti
V.G. Wagner
D.R. ldler
Source
North Carolina Water
Resources Research
Institute Report No 80
(NTIS—PB—219 390)
Dock and Harbour
Authority
Osaka Port Authority
(internal report)
US. Army Corps of
Engineers, Buffalo
District
Water Spectrum
(house iournal of
Corps of Engineers)
Fisheries SerVIces
Department of EnViron
St, John's. Nfld
Foerdern und Heben
Mainz.
Cornell Aeronautical
Lab, Buffalo (Report)
Paper presented to
W P R.L Symp. on
Mathematical and
Hydraulic Modelling
of Estuarine Pollution
Univ. of Rhode Island
Marine Tech. Report
No. 2
Port of London Auth.
U.S EnVironmental
Protection Agency
Port of London Auth,
Presented at 12th
Annual Seientitic
Meeting of British
Academy of Foreri5ic
SCiences
Port of tendon Auth
Ministry of Transport.
Information Canada
Marine Engineering
DIVlSlOn Report
(unpublished report)
FISheI’leS Research
Board of Canada.
Halitax, Circ 1
Proc 3rd Wodcon World
Dredging Cont , Tokyo
Japan. Oct. 1970
Canoga Park. Calit
XYZYX Information Corp
Wasser und Abwasser
LeipZIq
Chemistry in Canada
—203-
Vol. No. Page/s
so 216 p.
52 618 531
17~21
9337935
25;:
48p
4 p.
158 p
65—106
111 9 4857488
16721
Date
Jan 73
Apr/72
1972
Nov/71
Spring/72
1972
Dec 72
1972
Apr '72
1972
Jun'7l
Jul’71
Jan'71
Octr71
Junr71
1970
1970
1970
1970
1970
Dec /69
 Ref. No.
H—69002
H768001
H767001
H—67002
H-64001
H763001
Title
A Study of Submerged Dredge
Holes in New Jersey Estuaries
with Respect to Their Fitness
as Fintish Habitate
Biological Effects of Sport
Disposal in Chesapeake Bay
Improvement of Coastal Inlets
by Sidecast Dredging
Placing the Underwater Tubes
tor BART
Dredge Rids River of Sill from
Irrigation Water
Aktuelle Probleme Des
Schlammanlalls und der
Schlammboseitigung
(Actual problems of the
origin and disposal of sludge)
Author
W S. Murawski
R B Biggs
et al
E C Long Jr,
Bureau ol
Reclamation
W. Bucksteeg
Source
New Jersey Dept.
Conservation and
Economic Development
Div Fish and Game
Nacote Creek Research
Stn MISC Report 27M
ASCE Journal of the
Sanitary Engineering
Dinion
ASCE Journal Waterways
and Harbors DIVISion
ASCE CiVil Engineering
Engineering News
Record
Wasser und
Abwasser Leibsiq
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Vol. No,
94 8A4
93 WW4
37 9
172 20
Page/s
6837/06
1857199
33—35
38439
26p
Date
1969
Aug/68
Novﬂ67
Sep "67
May 14/64
1963
  
 Ref, No,
R6773001
97/4001
R—73001
Rn73002
R773OO3
R—73004
R—72001
RA70001
Title Amhor
U S A Canada Coroperale on
POHUUOH Controls
C G Benckhuysen
Substandard ‘Slandards' W C Boyer
Ocean Dumpmg Crlterra US EPA
Ocean Dumping Flnal Crllerra US EPA
Proposed Criteria for Water US EPA
Quality
Yaﬂe vs Specral Board. Chapter
387. State Denial of ltcense
to Explon Natural Resources
01 a lake Bed
Scerra Club vs Mason (Action to
Emom Dredging 01 New Haven
Harbor, Connectlcut)
The Basrc Dredge Laws T M Turner
Source Vol. No.
World Dredging and 9 14
Marlne Construction
World Dredging and 10 10
Marine Cosntructron
Federal Reglster 38 911
Federal Reglster 38 198
304 A 2d
New Hampshlre
351 F Supp
Conn
Proc 3rd Wodcon World
Dredgmg Conf ‘ Tokyo
Japan‘ Oct 19/0
Canoga Park, Cam
XYZYX lnformatlon Corp
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Page/s
39741
44746
128727
128//
286107
28621
8/678/9
4197429
411-424
Date
19/3
Sep /4
1973
19/3
19/3
19/3
19/2
19/0
Ref. No.
M—74001
M774002
M—74003
Me 74004
M-73001
M773002
M773003
M-73004
MA73005
M473006
M—73007
M—72001
M‘72002
M42003
M—72004
M772005
M—71001
M—71002
Me7lOO3
 
Title
Impact oi New Technologies in
Oceanology
Envrronmental Planning at Ports
and Harbours
Offshore Developments that
Minimize Environmental Impact
Final Report Expert Meeting on
Enwronmental Engineering
The Probabilistic
Characteristics of Pollutants
DifoSion in Marine EnVironment
Ueber systerntheoretische
Modelle fur Wasserguteprobleme
in Fliessgewassern (Theoretical
system model for water quality
improvement problems in
Fliessgewassern
Planning for Resources —
Environmental Conservation
Bioassay Technique and
Enwronmental Chemistry
Review Paper, Chemical Aspects
ol Bioassay Techniques for
Establishing Water Quality
Criteria
Role of Hydrous Metal Oxides
in the Transport of Heavy Metal
in the Environment
Toxic Materials in SOiI
Amendments
The Arctic Dredge, A Benthic
Biological Sampler tor Mixed
Boulder and Mud Substrates
ReView of the Causes of
Waterborne Disease Outbreaks
Effect ol Organic Matter in a
Water Course on Radioactive
Pollution. Methods of
Extracting. Fractionating
and Identifying the
Organic Constituents and
Their Radionuclide Aﬂinites
Water Publications ol State
Agencres. A Bibliography ol
Publications on Water
Resources and Their
Management Published by the
States of the United States
Systems Analysrs and Simulation
Ecology
Mathematical Modeling of
Estuarine Benthal Systems
Detection and Identification:
Key to Water Pollution Control
in a Petrochemical Plant
Methods lor Chemical Analysis
of Waters and Wastes
Author
A Brin
A D Couper
C.J. lord
UNESCO
A M Aitsam
et a/
H. Baumert
R.F. Bessey
G E. Glass
(Ed)
G.F. Lee
G F Lee
K Wagner
I. Siddigi
AH Clarke
G.F. Graun
L.J. McCabe
J. Faure
G J Gieter
D K, Todd
(Eds )
B C Patten
D A. Bella
LG Cochran
el a!
Source
Proc European Cont
on Electrotechnics.
Amsterdam (Paper B 1—3)
Preprint 6th lnternat,
Harbour Congress
Antwerp (Section 7.
Paper 7 05)
ASCE Journal
Construction Dryi3ion
UNESCO SCv/A Cont.
647/12
Proc. 15th Congress
IAHR. Istanbul,
Paper 816
ACTA HydrophySica.
Berlin
ASCE Journal
Hydraulics DivrSion
Paper 10173
Seience Publ
Ann Arbor, Michigan
Water Research
Symp on Heavy Metals
in the Aquatic
Envrronment.
Vanderbilt Univ
NaturWissenschatten
Berlin
Journal of the
Fisheries Research
Board of Canada
American Water Works
Assomation
National Tech
Information
Service
Report CEA7R74335
Water Information
Center, Port
Washington, N V
Academic Press
New York
in Technical Cont,
on Estuaries ot the
PaCilic Northwest
Oregon State Univ
Corvallis Engineering
Exp Stn . Circ, No 42
in Ind Process Design
for Pollution Control,
American Institute of
Chemical Engineers
Workshop. New York
U S EPA Analytical
Quality Control
laboratory, CinCInnati
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Date
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1973
1973
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1973
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 Ref. No. Iitle
Author
SOUH 2
Vol.
No.
Page/s
Date
M—71004 Methods for Chemical Analysrs W J Traversey Inland Waters Branch 169 p 19/1
of Waters and Wastewaters Water Quality Drwsxon.
Ottawa
M—7000l Concentration ol DDT by R Hartung Enwronmental Scrence A 5 4077410 May /0
Sedlmented Pollutmg Olls G W Klmgler and Technology
M40002 Water Quality Effects ol L E Kemp Journal ol the 62 6 3917396 Jun 70
leaching from Submerged Sorls er a/ Amencan Water Works
Assoc
MA69001 An Analyer ol Marlne Corer K T Patton Marlne Technology 3 6 2/740 Nov
Dynamics G.T. Grlllen SOCIe‘ly Journal Dec 59
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 APPENDIX “D”
LETTER FROM GREAT LAKES
WATER QUALITY BOARD
WITH REFERENCE TO
“MIXING ZONES”
  
   
 APPENDIX D
INTERNKHONALJOHH'COMNHSSON
GREAT‘LAKES\NATER QUALHW’BOARD
  
April 3, 1975
Mr. C.K. Hurst,
Chairman, Canadian Section
International Working Group on the
Abatement and Control of Pollution
From Dredging Activities,
Department of Public Works,
Sir Charles Tupper Building,
Ottawa, Ontario K1A 0M2
Dear Mr. Hurst:
The Great Lakes Water Quality Board shares your concern for
the possible water quality problems that may result throughthe dredging
and disposal of phosphorus-laden sediments from harbours in the Great
Lakes.
We understand that you have two basic concerns with respect to
dredging operations. Firstly, should consideration be given to the
establishment of "mixing zones" in connection with these operations?
Secondly, what effect does dredging and disposal have on the availability
of the phosphorus contained in the dredged sediment as a nutrient?
 
It is recognized that there may be a temporary violation of
water quality objectives at dredging and disposal sites. This is an
unavoidable situation very similar to the mixing zones being established
at municipal and industrial point source discharges. Guidelines are
being developed for the designation of these mixing zones but final
determination of the extent and location of specific mixing zones is,
under the terms of the Water Quality Agreement, left to the jurisdictions.
Proposed dredging operations should be assessed by appropriate regulatory
agencies to ensure that environmental damage is kept to a minimum,
recognizing that short-term violations of water quality objectives may
occur. The selection of a method of dredging and the location of
disposal areas should continue to be determined on a case—by—case basis
through an environmental assessment procedure.
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When this information becomes available, an assessment will be made as to
the necessity of making changes in Annex 2 of the Water Quality Agreement.
In summary, the Board does not believe that a mixing zone
needs to be designated for the relatively short-term violations of water
quality
objectiveslikely to occur with dredging operations in the same
manner as it is for the longer term problems from municipal or industrial
waste discharges. The availability of phosphorus as a nutrient is under
active investigation and an evaluation of the impact of dredging upon
this availability must await the results of these studies.
Yours truly,
    
g, j 24 (AM
Francis T. Mayo amesP. Brice
Chairman _,/*Chairman
United States Section
Canadian Section
cc: Professor M. Cohen
Mr. C. Herter
Mr. A.C. Printz
Mr. C. Pemberton
Mr. L. O'Leary
—212—
 
 
 APPENDIX “E”
T
H
U
N
D
E
R
B
A
Y
,
L
A
K
E
S
U
P
E
R
I
O
R
P
O
S
T
—
D
U
M
P
I
N
G
S
I
T
E
I
N
V
E
S
T
I
G
A
T
I
O
N
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In May 1975 an acoustic survey was made at a lake disposal site in Thunder Bay, Lake
Superior, Ontario. The survey consisted of traverse lines which
intersected at the disposal site
marker buoy. In the accompanying figure, side-scan sonar records illustrate the lake bed and
overlying water column conditions in areas adjacent to the marker buoy.
Record A illustrates an area where dumping has occurred, but not during the last 12-18
months.
In this record the water column, overlying the lake bed sediment, is essentially clear
(acoustically). The lake bed is generally flat although a slight irregularity with relief of a few
centimeters can be made out in part of the record. Evidence of the presence of old dumped
materials can be seen in the darker, patchy nature of some of the bottom sediments.
In Record B the water column is seen to contain numerous acoustic reflectors, typical
of dense fish populations; and, additionally, the darker patches (and lighter shadow areas) imply
evidence of more recently dumped materials on the lake bed. Dumping at this location has
occurred within the last 12 months.
Both traverses A and B cover adjacent parts of an open-lake location. Wave action was
minimal at the time or recording and circulation was of low intensity. The dumping has occurred
in about 30 m of water (see scaling) and reworking of dumped materials as a result of wave
turbulence may be considered negligible.
it may be implied, therefore, that the release of nutrients contained within the dumped
materials has contributed to a locally high biological production which, in turn, has attracted a
large population of fish. Adjacent lake bed areas where dumped materials are somewhat older no
longer appear to be releasing extensive quantities of nutrients. Hence a sharp distinction may be
seen between the adjacent areas (A and B), dependent upon their nutrient release to the overlying
waters. It is most unlikely that such a sharp differentiation between recent and older dump
locations would be seen if mixing conditions were effective in the horizontal component.
These examples highlight the fact that nutrient release from dumped materials may
continue for some time after their emplacement and that potentially beneficial results may be
effected, particularly in nutrient poor locations.
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GLOSSARY OF TERMS
  
   
 Absorption
Adsorption
Aerobe
Algae
Allochthonous
Anaerobe
Anion
Anoxic
Bathymetry
Benthos
Bioassay
Biochemistry
Bioconcentration
Biomaginification
Biomass
G
L
O
S
S
A
R
Y
O
F
T
E
R
M
S
penetration
of
o
n
e
s
ub
s
t
a
n
c
e
into
the
b
o
d
y
of another.
the
taking
u
p
o
n
o
n
e
s
ub
s
t
a
n
c
e
at
the
surface of another.
an
organism
that
d
e
p
e
n
d
s
upon
the
presence
of
free
oxygen
for
survival.
thallophytes,
or
rootless
plant
bodies,
characterized
by
possessing
chlorophyll,
and
so
capable
of
elaborating
their
food
by photosynthesis.
said
of
food
material
reaching
an
aquatic
community
from
without,
in
the
form
of
dead
or
decaying
unconsolidated
sediments.
a
minute
organism
for
whose
life
processes
a
complete,
or
nearly
total
absence
of
oxygen is essential.
a
negatibely
charged
particle
or
ion
which
moves
towards
the
anode
or
positive
pole.
depleted
of
oxygen;
anaerobic.
depth measurement.
aquatic,
bottom—dwelling
organisms,
including
sessile,
creeping
and
burrowing
animal
species,
and
many
attached algae.
a
determination
of
the
concentration
of
a
given
material
necessary
to
affect
a
test
organism
under
stated
conditions.
the
study
of
the
chemical
or
physico—
chemical
processes
and
products
involved
in the life of plants and animals.
the uptake and retention of environmental
substances by an organism from its
environment, as opposed to uptake of food;
bio—accumulation.
the uptake and retention of substances by
one organism feeding upon other organisms
which have accumulated environmental
substances.
the living weight of a plant or animal
population.
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Biota
Cation
Colloids
Coriolis force
Coregonine
Ecology
Ecosystem
Epilimnion
Eutrophic
Flocculation
Geochemistry
Hypolimnion
lnterstitial water
the flora and fauna of a region.
a positively charged particle or ion which
tends to be deposited on the cathode or
negative pole.
very small particles which tend to remain
suspended and dispersed in liquids.
the effect of the earth’s rotation whereby
freely moving air and water masses are
deflected to the right in the northern
hemisphere, and the left in the southern
hemisphere.
a sub—family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Whitefish, ciscoes and
lake herring.
that branch of biology dealing with living
organisms.’ habits, modes of life, and
relations to their surroundings.
a complex of ecological communities and
their environment forming a functional
whole in nature.
the surface waters in a thermally
stratified body of water; these waters are
characteristically well mixed.
abundant in nutrients, and having high
rates of productivity, frequently resulting
in oxygen depletion below the surface
layer.
the process by which suspended colloidal
or very fine particles are assembled
into larger masses or floccules which
eventually settle out of suspension.
that branch of the science of chemistry
which deals with the chemical composition
of, and the past and present chemical
changes in, the earth.
the region of a body of water that extends
from below the thermocline to the bottom
of the lake and thus removed from such
of the surface influence.
water occupying intervening space or
crevices between soil particles, but not
forming part of the sorption complex.
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 lon
Kurtosis
Lacustrine
Limnetic zone
Littoral zone
Macroinvertebrate
MesotrOphic
Methylation
Molecular compounds
Morphology
Morphometry
Nekton
Oligotrophic
pH
one
of
the
electrically
charged
particles
into
which
the
atoms
or
molecules
of
certain
chemicals
are
dissociated
by
solution
in
water,
and
which
make
such
a
solution
a
conductor
of
electricity.
statistical
measure
of
the
peakedness
or
flatness
of
the
graph
of
frequency
distribution.
inhabiting
or
growing
in
lakes.
the
open
water
region
of
a
lake,
supporting
plankton
and
fish
as
the
principal
plants
and animals.
the
shallow,
coastal
region
of
a
body
of
water
having
light
penetration
to
the
bottom,
and
frequently
occupied
by
rooted plants.
a
large
aquatic
animal
having
no
spinal
column.
having
a
nutrient
load
resulting
in
moderate productivity.
combination
with
the
methyl
radical
(CH).
mixtures of elements, each consisting of
minute groups of atoms.
the
science
of
form
and
structure
of
plants
and
animals,
as
distinct
from
consideration
of functions.
the
science
of the
outer
form
of
the
earth
or its parts; the forms taken by rock,
land, terrain, etc.
the forms of free swimming organic life
found at various depths of the oceans, and
in lakes, taken collectively.
having a small supply of nutrients and thus
supporting little organic production, and
seldom, if ever, experiencing oxygen
depletion.
denoting the negative logarithm of the
hydrogen—ion concentration in grams per
litre, of a solution, used in expressing
relative acidity and alkalinity. An H+
concentration of 10 grams per litre,
pH = 7 is usually regarded as neutral.
Decreasing acidity means decreasing
hydrogen—ion concentration, or a rise
in the absolute value of pH.
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Photosynthesis
Phytoplankton
Redox potential (Eh)
Salmonid
Saltation
Secchi disc
Seiches
Skewness
Synergistic
Thermal stratification
Thermocline
carbon assimilation, requiring presence of
chloroplasts and light, by synthesis of
carbohydrates from carbon dixoxide and
water.
plants, usually microscopic, floating in
aquatic systems such as rivers, ponds,
lakes and seas.
a measure of the state of oxidation of a
reversible oxidation-reduction system.
a sub—family of the genus salmonidea;
within the Great Lakes Basin indigenous
species include Atlantic salmon, brook
and lake trout.
in sedimentation, said of the movement of
particles by bouncing along the bed and
thus transitional between bed load and
suspended load movement.
a device used to measure the transparency
of water which depends upon the amount
of suspended matter and dissolved
light—absorbing substances. The disc is
circular, usually from 43 to 237 cm. in
diameter and either all white or white
and black quandrants. The disc is
lowered into the water and depth at
which is disappears from sight is observed.
free oscillations of a fluid in an enclosed
or semi-enclosed basin, initiated by an
external force (wind, barometric pressure
fluctuations, floods, eartquakes) and
providing the disturbing force is not
sustained.
statistical measure of asymetry about the
point of central tendency in the graph
of frequency distribution.
 
having the capacity for cooperative action
of discrete agencies so that the total
effect is greater than the sum of the
effects taken independently.
the phenomenon occurring when a body of
water becomes divided into
distinguishable density layers, caused
by differences in temperature.
a layer in a thermally stratified body of l
water in which the temperature changes
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 Trophic regime
Wavelength
Zooplankton
24 hour LCSO
 
rapidly
with
depth
and
separates
the
epilimnion
from
the
hypolimnion.
characteristic
of
an
ecosystem,
usually
measured
and
described
either
in
terms
of
the
standing
crop
per
unit
area
(mass)
or
energy
fixed
per
unit
area
(mass)
at
successive
trophic
levels.
Trophic
levels
cotegorize
organisms
by
the
way
in
which
they
obtain
food
from
primary
procedures
or
organic
detritus
involving
the
same
number of intermediate steps.
the
distance
in
any
undulation
from
one
crest to the next.
animsls,
usually
microscopic,
floating
in
aquatic
systems
such
as
rivers,
ponds,
lakes and seas.
the
median
concentration
of
a
test
material
that
causes
death
to
50
percent
of a population within 24 hours.
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 S. I. UNITS AND
CONVERSION FACTORS

 S
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O
R
S
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L
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h
1
c
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n
t
i
m
e
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r
e
1
m
e
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r
e
=
1
0
0
c
m
1
k
i
l
o
m
e
t
r
e
=
1
0
0
m
A
r
e
a
1
hectare
=
1
0
0
0
0
m
2
1
k
m
2
=
1
0
0
h
a
Volume 1 litre
1m3=lOOOl
W
e
i
g
h
t
1
g
m
=
1
0
0
0
m
g
=
1
0
6
u
g
1
k
i
l
o
g
r
a
m
=
1
0
0
0
g
r
a
m
s
1
t
o
n
n
e
=
1
0
0
0
k
g
*SI
defines
an
international
nautical
mile
=
1852
m
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O
O
O
N
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l
I
I
I
I
E
n
g
l
i
s
h
U
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i
t
C
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n
v
e
r
s
i
o
n
s
0.3937 inches
3.2808 feet
1.0936 yards
0 . 5468
1093.6
0
O
O
H
.6241
. 5396
.5340
.4711
.3861
.0353
.2642
.2200
.3080
.2046
. 1023
.9842
fathoms
yards
statue miles
nautical miles
international
nautical miles*
acres
mil
ft‘
gal (US)
gal (Imp)
yd“
lbs.
short tons
short tons
6.076.115 feet
